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DARKNESS  AND    LIGHT. 


Hail,  lioly  1/iglit,  on'sprinir  ol' Heaven  llist-liorii ! 

Or  ol  tlie'Eteiual,  co-eternal  beam 

May  1  expves^h  thee  uiiblamedY  since  God  is  lij:lit, 

And  never  but  in  unapprciaclicd  light 

Dwelt  truni  eternity,  dwelt  then  in  tlicp, 

IJright  ellluence  ol"  bright  essence  increate. 

Or  were'st  thuu  rather  pure  ethereal  stream. 

A\  iiosc  fountain  who  shall  te.'l?  lielure  the  sun, 

JJclurc  the  lieavens,  thou  vvert,  and  at  the  voice 

Ot(jod,  as  with  a  mantle,  didst  irivest 

'i'he  rising  world  of  waters  dark  anil  deep, 

^Vun  from  the  void  and  formless  intinite. 

'Jiiee  i  revisit  now  with  bolder  wing, 

K.-caped  the  Stygian  poo),  though  long  detained 

in  that  obscure  sojourn,  while  m  my  llight 

'J'lirough  utter  and  through  middle  tiarkncss  borne 

With  other  notes  than  to  the  Orphean  lyre, 

1  sung  of  Chaos  and  eteriuvl  Night, 

Taught  by  the  heavenly  Muse  to  venture  down 

'J'hellark'descent,  and  up  to  reascend. 

Though  hard  and  rare  :  thee  I  revisit  safe, 

And  feel  thy  sovereign  vital  lamp;  but  thou 

ilevisilest  not  these  eyes,  that  roll  in  vain 

To  lind  thy  piercing  ray,  and  tind  no  dawn  ; 

So  thick  a'drop  serene  "hath  quenched  their  orbs. 

Or  dim  sullusion  veiled.     Yet  not  the  more 

t'case  1  to  wander  where  the  Muses  haunt 

Clear  spring,  or  shady  grove,  or  sunny  hill, 

SiuiL  with  me  love  ol  sacred  song  ;  but  chief 

'J  hee,  Sion,  and  the  llowing  brooks  beneath, 

'J'hat  wash  thy  hallowed  leet,  and  warbling-  llnw  , 

Nightly  1  visit:  nor  soinetimes  Ibrget 

'J  hose  other  two  equalled  with  me  in  tale. 

So  were  1  equalled  with  them  in  renown, 

JJiind  Thamyris  and  blind  Miconides, 

And  Tiresias  and  Phineus,  prophets  old  : 

Then  leed  on  thoughts  that  voluntary  move 

Harmonious  numbers;  as  the  wakeful  bird 

Sings  darkling,  and  in  shadiest  covert  hid 

Tunes  her  nocturnal  note.     Thus  with  the  year 

Seasons  return,  but  not  tome  returns 

Day  ;  or  the  sweet  approach  of  even  or  morn, 

Or'sight  of  vernal  bloom,  or  summer's  rose. 

Or  llocks,  or  herds,  or  human  liice  divine  ; 

JJiit  cloud,  instead,  and  ever-during  dark, 

Siinouiids  me;  from  the  cheerful  ways  of  men 

Cut  oil,  and  lor  the  book  of  knowledge  lair 

rresented  with  a  universal  blank 

Of  nature's  works,  to  me  expunged  and  rased, 

And  wisdom  at  one  entrance  quite  shut  out; 

So  much  the  rather  thou,  celestial  Light, 

Shine  inward,  and  the  mind  through  all  her  powers 

Irradiate  ;  there  plant  eyes,  all  mist  from  thence 

i'urge  and  disperse,  that  J  may  see  ami  tell 


Ol  iiiiii'is  invisililo  to  mortal  sight. 


John  Milton. 
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DAIIKXKSS  AND  LlfillT. 


A  tlicorctical  cxpliiiiatioii  of  the  ol):s('rv*'(1  i»li«'iioinonji 
Ixluiiuiim  to  tlie  suUjt'ct  of  light,  proposed  by  Sir  Isaac 
Newton,  is  known  as  Newton's  emission  theory,  or  as  it 
is  sometimes  called,  tlie  eorimseular  theory  of  ligiit.  It 
will  he  desirable  to  keep  in  mind  this  theory  ;  and,  as  we 
may  have  occasion  to  refer  to  it  particularly,  we  give  the 
following  exjdanation  oftiie  most  important  proposition* 
contained  in  it. 

From  L(irdn<rs  Xatio-al Pit Ihsoplnj. 

1-222.  ^^Corpuscular  Tlieori/. — In  the  corpuscular  theory, 
which  was  adoi>ted  by  Newton  as  the  basis  of  his  optical 
encniiries,  liulit  is  considered  as  a  material  sul)staiice, 
(•onsisting  of  infmitely  minute  molecules  which  issue 
irom  luminous  bodies  and  pass  through  space  with 
prodigious  velocities.  Tims,  in  this  hypothesis,  the  sun 
is  reiiarded  as  a  source  from  which  such  molecules  or 
cuipuscles  proceed  in  e\ery  direction,  with  such  a  velo- 
city tliat  they  pass  from  that  luminary  to  the  earth,  over 
a  distance  of  ninety-live  millions  of  nules  in  about  eight 
minutes  and  thirteen  seconds. 

This  innneuse  velocity  with  which  they  are  endued^ 
amounting  to  nearly  two  hundred  thousand  miles  per  se- 
cond, united  with  tlie  fact  established  by  observation,  that 
they  do  not  hnpress  with  the  slightest  momentum  the- 
liufitest  objects  which  they  strike,  render  it  necessary  to 
suppose  that  thev  are  so  minute  as  to  be  altogether  des- 
titute of  inertia  or  gravity.  The  strongest  beam  of  sun- 
light acting  upon  tlie  most  delicate  substance,  upon  the 
libres  of  silk  or  the  web  of  the  spider,  or  upon  gold  leaf/^ 
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»'(l(M's  iioj  impress  \i\inu  tliciii  ilir  sliylitcst  iM'n'»'i»til)lo 
motiuii.  Now,  ill  onicr  tluit  a  icirtidc  ul  iiiattcr,  cikIikmI 
with  a  Vflucity  so  uivat,  should  havf  no  pcrccptihh' 
moiiR'iituiii,  ir  is  iicci'ssary  to  snpitosc  it  to  he  ahuost  uiti- 

iiitt'ly  luimitL'. 

liiit  this  miiiutciiess  r(M|iiir<'s  to  he  a<haitt('(l  to  a  still 
y;ivatt'i' oxtcut  ;  when  if  is  coiisidtTLMl  that  [jailich' aitci 
pai'ticlo,  striking;  iiuoii  hodics  so  liyhf,  cvt'ii  aCttM-  thccom- 
miiiiicatioii  of  their  forces,  impart  to  them  no  pereeptihle 

motion.'' 

\-2'2'>.  ''  Dlffcrviirr  nf  cdlniir  (•.rjiJnIiicd, — III  thi.s  system 
the  (lifl'ereiiee  of  eoloiir  whieh  prevails  amoiis^^  the  ditler- 
eiit  homoueneous  li.uhts,  the  cond)iiiation  of  which  consti- 
tutes solar  light,  is  uscrihed  to  ditlerent   velocities. 

Thus  the  sensation  of  red  is  produced  by  luminous  mole- 
cules animated  hy  one  velocity,  orange  by  another,  blue 
bv  another,  and  so  on." 

'  1-22 1.  ''  L'uvs  of  refraction  ami  rcjIrrHoii  crplntiicd. — The 
law  which  renders  the  angle  of  retlection  e([ual  to  the 
angle  of  incidence,  is  explained  ))y  sup[»osing  such  mole- 
cufes  to  have  perfect  elasticity.  The  law  of  refraction  is 
explained  by  supposing  that  such  molecules  are  sul)ject 
to  au  attraction  towards  the  perpendicular  when  they 
enter  a  denser,  and  l)y  a  repulsion  from  it  when  they 
enter  a  rarer  medium."' 

In  conse(pience  of  the  foregoing  [Newton's  emission] 
uieory  being  fouiul  insutlicient  to  satisfactorily  explain 
some  of  the  more  recently  observed  phenomena  of  light, 
belonging  in  particular  to  wh;<t  is  termed  intcrfercncr,  it 
has  been  generally  given  up,  and,  in  its  place,  the  uiidu- 
latory  theory  of  light  has  been  adopted  as  the  recognised 
basis  of  optical  science.      The  uudulatory  theory  is  of 
almost  the  same  age  as  the  emission  theory  of  Kewton, 
having  been  first  proposed  and  adopted  by  Hooke  and 
Huygens,  contemporaries  of  Newton  ;  it   is  only,  how- 
ever, since   the   commencement  of  the  present  century 
that  this  theory  has  been  more  completely  developed,  and 
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still  iiiorr  r»'c«'iitly  ili.it  it  liiislicon  fronci'iillv  (now  filniost 
uiiiiiiiiiioiisly)  ii(lu[)tt(l.  This  tlicory  is  also  sonu'tiiiics 
f'iill(!(l  tJK!  wavt'-tlu'Oiy  of  liniit,  and  it  lias  been  priiiiarilv 
(Icrivod  from  what  is  kiinvvn  as  the  wave-theory  of  soiiiid* 
liiflil  heiiiir  considered  as  the  elli'et  of  an  undulation  or 
aiiitation  |»i"ojKmiited  throunh  and  l»v  means  of  the  ]y,\r- 
tieles  of  a  subtle  and  «'xtreniely  elastic  fluid  called  c///rr; 
analairous  to  the  efU'ct  of  the  wave  ayitations  of  the  parti- 
cles of  air,  or  other  ijaseons  fluid,  which  accordinir  to  the 
wave-theory  is  recognised  as  caiisinii'  the  efU'ct,  or  class 
of  effects,  denominated  sound. 

LdrdiM'/s  Xxhtrol  I'liilosoj)//!/. 

\'22').  "  J'lKhihtfiD'n  tlirofji. — In  th(!  nndnlatory  theory 
\vhich  was  adapted  l»y  Iluyucns,  and  after  him  by  most 
continental  philosophers,  ligjit  is  ivgarded  as  in  all  res- 
]>ects  analati'ous  to  sound. 

The  lumin(»us  body  in  this  system  does  not  transmit 
any  matter  throuirh  space  any  more  than  a  bell  transmits 
matter  Avlien  it  sounds.  The  luminous  body  is  n^garded 
as  a  centre  of  vibration  ;  but  in  ord<'r  to  explain  the  traiis- 
missi(»n  of  tliis  vibration  through  space,  the  existence  of 
a  sul>tle  fluid  is  assumed,  which  jdays,  with  regard  to 
light,  nearly  the  same  part  as  the  atmos'phere  plays  with 
regard  to  sound.  The  sun,  in  this  theory,  tlu-n,  is  a 
cenfr(>  of  vilu'ation,  and  tlM>  space  whicdi  suri'onnds  him 
being  filled  witii  an  atmos[»liere  of  this  subtle  fluid, 
transmits  this  vibration  exactly  as  the  atmospliere  trans- 
mits the  Aibration  of  a  souudinu'  l>odv." 

|:,*;2(».  "  77/c  hi)uii)ni(.<t  ctlicr. — This  hypothetical  fluid 
has  received  tlie  name  o[  ctlici'.  It  is  supposed  not  only 
To  (ill  all  tlie  vjicant  spaces  of  the  universe  which  are 
unoccupied  I»v  bodies,  l»ut  also  to  fill  the  interstices 
which  exist  between  the  component  [)arts  of  bodies. 
Thus  it  is  not  only  mingled  with  the  atmosph«?re  which 
surrounds  the  earth,  but  also  with  the  component  parts" 


*  Tlie  tlipory  now  rccogiii-od  nj   the  b;i.=ls  of  lliat  divi-ion   of  Science- 
naniiMl  Acoustic-:. 
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'' of  Wiih'T,  gliissj  find  iill  triiiispai'i'iit  siihsliiinTs  ;  iiikI  siiirt* 
oi>;i(|ii»'  snl).*hiiict's,  ^\ll('ll  rciuIiTcd  siitlicinitly  lliiii,  nrc 
inMit'ti'iihlo  iiKUT  or  less  by  liiilit,  it  is  iu>ct.'ssiiry  to  iidinif, 
lli.il  it  .dso  mis  tlic  |>oro.s  ofsiKdi  bodies.  It'  tilis  luinili- 
oiis  erlici' did  not  pfcvidl  tliroiiuliont  \\\v  wliolr  cxtt'iit 
of  the  ;itiiir.s|)li('n',  the  huht  of  the  stjii's  eoidd  not  rejieh 
oiii"  ev«i^.  If  it  did  not  e\i>t  in  wiiter.  yhiss,  preeions 
stoliesj  iind  n\\  ti'iins[»iirent  snl»stiiiie,'>;.  these  suhstjinees 
could  not  l»e  [>eneti".il»h'  l)y  liiiht  iis  they  iire  ;  in  fuie,  if 
it  did  not  exist  in  the  hninuurs  of  the  eye,  liyht  conld 
not  all'eet  this  oru'iiii,  luid  tlie  nnchdations  could  not  ivneh 
the  nieinhrmie  ot'  the  retina." 

I'J'J7.  "  AV/'t/s  (isifilird  f't  ifs  rari/ilii/  (hiisllii.  —  I>ut 
although  tilis  luiniiKjns  ether  is  thus  assumed  to  he  onnn- 
prosent.  it  does  nor  evei'yw  liere  j»re\ai!  with  thi'  s;i,nu' 
density.  It  is  prohahle  that  its  density  in  tlie  celestial 
spaces  which  iiiterv«'no  between  planet  and  planet  is  the 
.same  which  it  has  under  the  exhausted  receiver  of  an  air- 
pumi)  or  above  the  mercurial  coliuiin  in  a  i»aroineter. 

lint  its  dtMisity  in  transparent  media  must  l)e  ditferent, 
becauseto  explain  the  phenomena  of  liuht  passiimthrough 
them  it  is  necessary  to  suppose  that  tlie  undulations 
change  their  magnitude,  a  sup[»osition  which  is  only  com- 
patible with  a  change  in  the  elasticity  of  the  ethei-.  We 
shall  seo  fiulher,  that  in  some  transparent  bodies  (>xisting 
in  a  crystallized  state  it  is  necessary  to  su[»p(»se  also  that 
tlu!  densit_>  of  the  ether  in  dilli-rent  directions  in  the  same 
medium  varies. 

It  this  universal  ether  were  tor  a  moment  in  a  state  of 
perfect  repose,  t!iu  universe  would  be  in  absolute  darkness  ; 
but  the  moment  its  equilibrium  is  disturbed,  and  that  an 
undulation  or  vibration  is  imparted  to  it,  that  instant  light 
is  created,  and  is  propagated  indelinitely  on  all  sides,  as, 
ill  an  atmosphere  [)erfectly  traii(|uil,  the  vibration  of  a 
musical  string  or  the  sound  of  a  blow  is  propagated  to  a 
distance  in  all  directions  accordiim'  to  determinate  laws.'' 
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'^  Liylit  itself,  iiji.st  not,  liowovcr,  Ix;  co  ifumiflt'd  witli 
Mioetlier  wliicli  is  tliM  laiMliiiin  of  its  [)n)i»;iif,itioii.  Li^lii 
is  IK)  iiion!  idfiiticiil  with  (ln'  liy|>tttlii'li('iil  cllit'r  lli;m 
.souml  is  idcuticiil  witli  iiii".  'llw  ciIut,  in  the  out;  ciisf, 
and  the  air  in  the  othei',  are  nn-rely  the  nu'dia  by  vvhieh 
the  systems  of  un  lidations  whieli  coiistituto  the  real  mmm 
of  liu;Ut  and  sonn<l  are  propiigated." 

12'JS.  *^  AiKiloif/f  of  lit/lit  and  .s'tioid. — In  considerinij 
the  analoify  between  liyht  and  sound,  liowevei',  there  ia 
.'III  inq»oi"tiiiit  distinction  which  must  not  t'Sc<i[»o  notice. 
Sound  is  prop.'iuiited,  not  only  by  undulations  transmitted 
t!iroiiu;h  the  nir,  l)ut  ji1s(j  bv  unduliitions  transmitted 
through  other  fluids  as  well  as  solids,  as  has  been  already 
explained.  Light,  however,  accordiiii^  \o  the  iindulatory 
tlieory,  is  transmitted  only  by  tin;  undulations  ot  the 
luminous  ether.  Light,  therefore,  does  not  pass  througk 
a  transparent  body,  such  as  glass,  in  the  same  manner  as 
sound  is  transmitted  through  the  siime  body.  The 
undulations  by  which  sound  is  propagiited  through  the 
air  would  be  imparted  to  glass  itself,  which  will  continue 
tiiem  and  transmit  them  to  another  portion  of  air,  ami 
thence  to  the  ear  ;  but  when  the  undulations  of  light  n-e 
transmitted  through  glass  or  any  other  tniiisparent 
medium,  they  must  be  supposed  to  be  pnuKigat-  d,  not 
by  the  vibration  of  the  glass  itself,  but  by  tiit;  vib-ition 
of  the  subtle  ether  which  pervades  its  pores." 

Since  we  hiive  to  proi)Ose  and  carefully  (//ii>«ider  certain 
objections  to  tiie  iindulatory  (as  well  'is  to  tiie  emission) 
theory  of  light,  it  is  desirable  to  give  l^.'e  an  explanation 
of  the  wave-theory  of  sound  from  which  the  undulatory 
theory  of  light  has  been  derived,  and  to  which  it  is  con- 
sidered to  have  so  cluse  an  analogy.  It  is,  in  the  first 
place,  to  be  remarked  that  the  term  wave-theory  properly 
belongs  to  the  original  form  of  the  theory,  when  the 
disturbances  of  the  fluid  occasioning  theeflect  called  sound 
\were  supposed  to  be  of  the  same  kind  as,  or  to  be  strictly 
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i)nal«)j:ous  to,  tlioso  progrossivo  uiMliiliitioiis  in  wMw  ciillcd 
wavos  ;  at  a  later  [»»M-i()(l  it  was  loiiiid  that  ilu'  disturli- 
ancos  or  iiiidulatioiis  iii'tlio  elastic  (liiid,  Nvlnrli  i)rodu(Td 
the  S(V(»(l-}>liciiOni(')i(t,  difU'rcd  cssi'idialiy  in  cliaracter 
iVonitlio  waves  of  tlie  rniuid  (water),  (•(.nse(|ueiitly  the 
theory  underwent  some  jnodilication  whieh  inehuled  the 
sid»stituti(»n  of  the   term   uiuhdatorv,    lor  tliat  o(   wave- 

llioorv. 

J^anliirr's  X((h(r«J  riul<K^oplj/.      J 'inliil<ifii>u  of  Jjiiuiih, 
soo.   "  Sf(fflo)ittri/  inirrs  r.iphdiitd. — Ileiict^  it  appears 
that   eaeh  of  th(>   partivles  composinu'  the   surface   ot  a 
Jiiiuid  is  atleeted  hy  an  ahernate   vertical  morion.     This 
motion,  however,  not  heinu' simultaneous  hut  successive, 
an  elli'ct  will  he  produced  on   the  surliice  wliicli   will   he 
alte  ided  with  the  form  of  a  wave,  and  such  wave  will  Im- 
progressive.     The  alternate  vertical  motion  hy  which  tlu' 
particles  of  the   li(|ui  1  are  alll't'ted  will,   however,  some- 
times take  place  under  such  eoiidiliou^  as  to  produce,  not 
a  proixressive,   hut  a  siatioiuiry  undidation.     This  would 
he  the   case  if  all  th(>    particles  comjutsinu-   the   surface 
were  sinudtaneonsly  moved  upwards   and  <lown\\ards  in 
the  same   direction,    their   spaces  \aryinu'    in    niauiiitude 
accordinu'  to  tlu'ir  (hstance  from  a  fixe*!  ponit. 

To  «>\plain  tliis,  let  us  su[)pose  the  particles  of  the  sur- 
face of  a  h(|uid  hetween  the  |i(»int  a.).  I'iii.  •-':>  t.  (I'h  0  '<"> 
he  siniuUaneouslv  nio'.od  in  xcrtical  lines  upv.ards,  the 
centre  particle  c  heinii'  raised  lln'ouuh  a  ureater  sjiace 
than  the  parlitdes  (•(Uitiu'iufiis  to  it  on  either  side.  '!  lie 
lieiuhts  to  whicli  the  other  sncceec'ing  particles  are  raised 
will  he  ('(mtinuallv  diminisliiim',  so  that  at  the  end  o( 
a  second  tlie  particles  ol'  Tujuid  which,  when  at  rest, 
lornied  the  sm•ll^c«w^  r.  will  form  the  ciu'ved  surface  rr. 
h.  c.  d.  c.  \\\  like  m  nnier,  siippoM'  the  partitdes  of  the 
siirfacer.  /.  to  \w  de[>ress('d  in  vertical  lines,  corresponding 
exactly  with  those  through  which  1  lie  particles  (^^  c.  w«mh' 
elevated.  Then  the  '.articles  which  originally  formed  tiie 
surfac'   (\  /.  would  I'orni  the  I'urveil  surliue  r.  /.  //.  Ii.  i., 
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UNDULATION    OF   LIQUIDS.  7 

"  and  tliey  would  bcroino  tlio  dtiprcssion  of  a  wave. 
Tims  tlie  elevation  of  the  wave  would  be  a.  h.  c.  d.  f.,. 
and  its  depression  c.f.  f/.h.  I. 

Having  attained  tliis  form,  the  particles  of  the  surface 
a.  1).  c.  (I.  c.  would  fall  in  vertical  lines  to  their  primitive 
level,  and  having  attained  that  point,  would  descend 
below  it;  while  the  particles  c.  f.  r/.  h.  i.  would  rise  to 
their  primitive  level,  and,  having  attained  that  position, 
would  continue  to  rise  above  it.  In  fine,  the  particles 
which  originally  funned  the  smface  of  the  nndulation 
n.  b.  c.  (J.  c.f.  (I.  h.  i.  would  ultimately  form  the  surface 
n.  h.'  c'  (1.  c.f.'  (J.'  Ji.'  i.  represented  by  the  dotted  line. 
Having  attained  this  form,  the  particles  would  again 
return  to  their  primitive  level,  and  woidd  pass  beyond  it, 
and  so  on  alternattdy.  In  this  case  therefore,  there 
would  be  an  undulation,  but  not  a  progressive  one. 
The  nodal  points  would  Ije  a.  c.  i.  n.  r.  and  these 
points,  during  the  nndulation,  would  not  be  moved ; 
they  wonld  neither  sink  nor  rise,  the  nndulatory  motion 
affecting  only  those  between  them.  This  phenomenon 
of  a  stationary  nndulation  produced  on  the  surface  of  a 
liquid  may  easily  be  explained,  by  two  systems  of  pro- 
gressive nndulatioi  meeting  each  other  under  certain 
conditions,  and  produciug  at  the  points  we  have  here 
called  nodal  points  the  phenomenon  of  interference, 
which  we  shall  presently  explaiu." 

SOI.  "  Conditions  under  u'/tich  n  sf(dionary  nndidation 
may  he  proddccd. — Stationary  undulations  may  be  pro- 
duced on  a  surface  of  liquid  coufmed  in  a  straight  chan- 
nel by  excitiug  a  succession  of  waves,  separated  by 
equal  inter\als,  moving  agaiust  the  end  or  side  of  vhe 
channel  and  reflected  from  it.  The  reflected  waves, 
combined  with  the  direct  waves,  will  produce  the  efTect 
here  described. 

It  ni'iy  also  be  produced  l)y  excitiug  waves  in  a  circle 
from  its  central  point.  These  waves  being  reflected 
from  the  circular  siuface,  will  ])roduce  another  series,"' 
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''  which,  (■oiiibiiiod  with  the  former,  would  be  attended 
with  the  etlect  of  u  statioiiarv  uiKhihition/' 

802.  "  D('2>th  to  iciucli  the  rjfrct  of  waves  extend. — 
When  a  system  of  waves  is  pi'odiieed  upon  tlic  surface 
of  a  liquid  by  any  disturbing  force,  a  (juestion  arises  to 
what  depth  in  tlie  liciuid  this  disturbance  in  the  eijuili- 
briinn  extends.  It  is  possil)le  to  su[»pose  a  stratum  of  the 
rnjuid  at  any  su])posed  d«'prh  below  whicli  the  vertical  de- 
ranarement  would  not  be  C(jntinued.  Such  a  stratum  would 
oi>erate  as  the  bottom  jf  the  iii^itited  pr.rt  of  the  fl  lid. 

The  ^lessrs.  "\Vebl)er,  to  whose  experimental  inquiries 
in  this  department  of  physics,  science  is  much  indebted, 
have  ascertained  that  the  e(iuilibrium  of  the  liquid  is  not 
disturbed  to  a  greater  dtM)tii  than  about  three  hundred 
and  lifry  timys  the  altitude  of  the  wave." 

80=3.  '^  Ilejleciion  of  ivaves, — If  a  series  of  progressive 
waves  inqunge  against  any  solid  sinface,  they  will  be 
rellected,  and  will  return  along  the  surface  of  the  fluid 
as  if  they  emanated  from  a  c<Mitre  equally  distant  on  the 
other  side  of  the  obstructing  surface.  To  explain  this 
it  is  necessary  to  consider  that  when  any  part  of  a 
wave  encounters  tlu3  obstructing  surface  its  progress  is 
retarded,  and  tlie  paitich's  composing  it  will  oscillate 
vertically  in  contact  with  the  surface  exactly  as  they 
would  oscillate  if  tliey  had  at  this  point  been  first  dis- 
turbed. Tiu'y  will  therefore,  at  this  point,  become  the 
centre  of  a  new  system  of  waves,  which  will  be  propa- 
gated around  it,  but  which  will  form  only  semicircles, 
since  the  centre  of  undulation  will  be  auainst  tlie 
obstructing  surface*,  which  will,  as  it  were,  cut  off  half  ot 
each  circuujr  undulation.  As  the  several  points  of  the 
wave  meet  the  obstructing  surface  in  succession,  other 
series  of  semicircular  waves  will  be  formed,  and  we  shall 
see  that  by  the  combination  of  tliese  various  systems  of 
semicircular  waves,  a  single  wave  will  be  formed,  the 
centre  of  which  will  be  a  point  just  so  far  on  the  other 
.side  of  the  o))sti'uctiim'  surface  as  the  original  centre" 
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*'  was  oil  the  side  of  tlio  lliiid.  Let  (' ,  Fig.  :J:{-%  1'!.  1 ,  In-  the 
oi.uiiial  centro  ot'uiKliilatioii,  and  let  a  \va\(3  IT.  I)',  issiiinu,- 
IVoiii  tlio  ct'iitiv  iiiovc  towards  the  (»])srrut'tiiiii'  siirfaco 
A.  11.  The  lirst  i>ait  of  this  wave  which  will  iiitH't  the  ol)- 
stnictiiig  surface  will  be  the  point  T.,  which  moves  along 
the  line  C.  il/.,  perpendiculai' to  it.  After  this  the  other 
points  of  the  wave  on  the  one  side  and  on  the  other  will 
succcssivel'   strike  it. 

L(>t  lis  take  the  iiioineiit  at  which  th(!  surface  is  struck 
at  the  points  B.  and  A.,  e((ually  distant  from  the  iniddle 
point  M.  by  two  parts  of  the  wave.  All  the  interme- 
diate points  between  11.  and  A.  will  have  been 
previously  struck  ;  and  if  the  wave  had  not  been  inter- 
cepted ])y  the  ol>striicting  surface,  it  would,  at  the 
moment  at  which  it  strikes  the  points  B.  and  A.  have 
had  the  form  of  the  circular  arc  A.  0.  H.,  havin<>'  the  ori- 
ginal  point  C.  as  its  centre.  , 

JJut  as  the  successive  points  of  the  wave;  strike  tlie 
surface  A.  B.  they  will,  according  to  what  has  been  ex- 
plained, each  bec(/me  the  centre  of  a  new  wave  which  will 
have  a  semicircular  form  ;  and  to  ascertain  the  magnitude 
of  such  wave  at  the  moment  the  orijxinal  wave  strikes 
the  points  A,  and  B.  it  is  only  necessary  to  ascer- 
tain tiie  distance  through  which  each  semicircular  wave 
will  expand,  and  the  interval  between  the  moment  at 
which  the  vertex  of  the  original  wave  strikes  the  point 
A.  and  the  moment  at  wliich  the  two  extreuiitii's  oi  the 
wave  strike  the  points  A .  and  B.  It  is  evident  tliat  if  the 
wave  had  not  b(!en  interrupted  at  M.  its  vertex  would  have 
moved  on  to  0.  ;  and  as  the  new  \\ave  retlected  from  31. 
will  have  the  same  velocity,  it  follows  that  at  the  moment 
the  original  wave  would  have  arrived  at  0.  the  retlected 
wave  wall  have  expainled  tlirouiiii  a  semicircle  whose 
radius  is  31.  0.  Theretbre,  it  we  take  the  point  31.  as  a 
centre,  and  a  line  equal  to  31.  ().  as  a  radius,  and  describe 
a  seinicircle,this  semicircle  will  be  the  [losition  of  the  new 
wave  formed,  withil/.  as  a  centre,  at  the  moment  that  the '' 
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"  oxtiviiiitirs  of  tlio  oriuiiiiil  ^VJlv«'  struck  the  points  A. 
and  7)'.  In  like  manner,  it  nuiy  lu'  shown  that  if  7^.  be 
the  position  which  the  jtoint  of  the  oriuinal  wave  which 
struck  ^V.  would  have  attained  Iiad  it  not  heen  i'-;errui)te<l, 
tlie  distance  from  which  the  .s<'niicireular  wave,  liavinf^  N. 
as  a  centre,  woulil  have  expauih'd  in  the  sanu'  time  will  he 
det"rmined  hy  describing:  a  seiuicircU'  with  A',  as  a  centre 
and  N.  r.  as  a  racMus.  In  the  same  maimer  it  may  be 
sliewn  that  the  forms  of  all  the  semicircular  waves  pro- 
duced with  the  points  jV.  of  tlie  oltstructinu:  surface  be- 
tween A.  and  />.  as  centres,  will  be  determined  by  takinu; 
the  several  jiarts  of  the  radii  C.  P.,  vvhicli  lie  beyond  the 
obstrnctinijsurtaccas  radii,  and  the  points i\^.  where  tliey 
cross  the  o1)structinu'  surfac(>,  as  centres.  This  has  been 
accordinuly  done  in  the  diauram,  by  which  it  will  be  per- 
ceived that  the  space  to  the  left  of  the obstructiiiij  surface 
is  intersected  by  t''*'  numerous  semicircular  waves  which 
have  been  formed.  Ibit  it  appears  also  that  the  s«'ries  of 
points  wliere  they  intersect  each  other  most  closely  is 
that  of  a  circidar  arc  .1.  0'.  Jl,  haviiiu:  for  its  centre  the 
l>oint  C.  whose  distance  behind  the  surface  717.  is  erpial 
to  tlie  distance  of  the  centre  ('.  1m  tore  it,  so  that  ('.  717. 
shall  be  equal  to  (".  .17.  The  ellect  will  be,  that  a  circular 
wave  .1.  ()'.  Ji,  will  bo  formed,  the  intersection  of 
the  semicircles  within  this  beiii<r  so  inconsi(h'ral)le  as 
to  be  imi)ercepti>.le.  'J1iis  wave  A.  0'.  B.  will  accordinir- 
ly  expand  from  the  surface  A.  li.  towanls  C.  on  tin;  left  in 
the  same  maimer  as  the  wav(»  A.  0.  ]>.  would  have  ex- 
panded on  the  rijilit  towards  (".  if  it  had  not  been  in- 
terrupted by  the  obstructino-  surface.  If  any  radius  of  the 
original  wave,  such  as  C.  /\,aud  thecorrespondiiiir  radius 
(".  P'.  of  the  reflected  wav(;  be  also  drawn,  tht!se  two 
radii  will  evidently  make  oipial  aisles  with  tlie  line 
C.  717.  (".,  which  is  porp  'lulicular  to  tiie  olxtructimr  siir- 
face;  and  consequently,  if  from  the  point  i\'.  a  line  N.  Q. 
be  drawn  parallel  to  C.  M.,  and  therefore  perpendicular  to 
A.  Jl,  the  lines  C.  N.  and  .Y.  7.'.  will  form  equal  aiides 
with  it." 
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80 1.  "  Lmv  i>f  re  fleet  ion — angles  of  inchknee  and  re/lcc- 
fion  e(jH(il.  Tlu;  iiiigle  C.  X.  q.  is  calltid  the  antjie  of  Incl- 
ilenec  of  the  wave,  uiid  the  angle  Q.  N.  J{.  is  culled  tlu; 
iDnjh  of  yejieetion  ;  and  hence  it  is  estnhli.shedas  a  ji^enernl 
law,  that  ill  the  rellectioii  of  waves  Iroiii  any  obstructin"- 
surface,  the  angle  of  incidence  is  (Mjnal  to  the  angle  of 
reflection,  a  law  which  has  been  already  shown  to  prevail 
when  a  perfe('tly  eliistic  body  is  reflected  by  a  perfectly 
hard  surface.  AMien  a  wave  strikes  a  curved  surface,  it 
will  be  reflected  from  it  in  a  different  direction,  accord- 
ing to  the  point  of  the  surfiice  ut  which  it  is  incident.  It 
will  be  retlected  from  such  point  in  the  same  direction 
as  it  would  be  if  it  struck  a  plane  which  coincides  with 
the  curved  surfiice  at  tiiis  point." 

80-5.  ^'  I'Miptic  and  paraboi  •  curves.  There  are  two 
species  of  curves,  which  in  those  branches  of  ])hysic.s 
which  involve  the  principles  of  undulation  are  attended 
with  considerable  hnportance.  These  figures  are  the 
ellipse  and  the  para- 
bola. Fig.  236  repre- 
sents an  ellipse ;  A.  B. 
is  its  major  axis,  and 
C.  D.  its  minor  axis  ; 
F.  F'.  are  two  points 
upon  its  major  axis 
called  its  foci,  which 
have  tlie  followinsj 
property  :  If  lines  be 
drawn  from  the  foci  to  any  point  1\  in  the  ellipse,  these 
lines  will  form  equal  angles  with  the  ellipse  at  P.,  and 
their  lengths  taken  together  will  be  equal  to  the  major 
axisJ.  !>'." 

80(5.  "  Waves  propagated  from  the  foci  of  an  ellipse.  A 
remarkable  consequence  of  this  property  follows,  relative 
to  undulations  having  for  their  centres  one  or  other  of  the 
foci.  If  the  series  of  progressive  circular  waves,  propagated 
from  the  focus  F.  as  a  centre,  strike  the  surface,  they  will " 
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"he  |-»'ll<'('t('(l  frolii  the  siirfiU'c  at  aimlcs  ('(|iial  to  those  jif. 
wliicli  tlii'V  strikt'  it,  ln'caiist',  by  the  law  w  hicli  lias  bot'ii 
alrt'{nlvt''*tablisli«'(l,  the  aiiyU'sorrotU'ctioii  will  !)*•  ('(jiial  to 
the  aimh'sofiiicith'iicc.  If,  tlu'ii,  we  sui>|»o,s(' sovrral  waves 
of  the  saiiio  svsteiu  <liv<'ruiii<x  from  the  focus  /'.to  strike 
siic('essi\-ely  tli«'  eHijttical  surface  at  the  points  7'.,  they 
will  berellected  in  the  direction  /'.  /''.  toward  th«^  other 
focus.  J'.ut  as  all  the  ])oints  of  the  same  wave  move 
with  the  same  velocity,  they  will  describe  ('((Ual  spaces 
in  the  same  time.  Let  the  )>oinls  ji.  p.  p.  upon  the  lines 
J'.  F.  1)0  tliost!  at  which  the  points  (»f  tlie  •.••ive  will  arrivt; 
simultaneously.  It  then  f(»ll(»\\  s,  that  the  lines  /■',  /'.  and 
7'.  ji.  will,  tak«'n  touether,  be  e(|nal,  beinu  in  each  case 
the  spaces  descrilu'd  in  thesanu'  time  by  dilierent  points 
of  the  same  wave.  If  then,  these  e(|iial  lenuths  F.  ]\  jt.  be 
taken  tromthe  lengths  7''. /'.7'''.  which  are  also  eipial  to  each 
(»tlier,  as  has  been  already  explained,  the  remainders  /•".;). 
will  necessarily  be  ('(jual  :  therefore  the  points  y>.  will  lie 
at  e(|nal  distances  from  /''.  iUid  will  therefore  form  a 
circle  I'onnd  /•''.  as  a  centre.  Hence  it  follows,  that  each 
circidar  wave  which  exi>ands  round  /''.  will,  after  it  has 
l>eeii  reflected  from  the  smfa'-e  of  the  ellijtse,  form  ano- 
ther circidar  wave  rouml  7'".  asa  centre." 

S07.  ''  Warrs  prop(if/(i/i(l  fn»ii  tlic  focus  of  a  jxind/ohi. 
The  curve  called  a  parai)ola  is  represented  in  Fitr.  '2'i7, 
ri.  "J.  The  point  T.  is  its  vertex,  and  the  line  I'.  J/,  is  its 
axis. 

A  certain  point  F.  upon  the  axis  near  the  vertex, 
called  the  focus,  has  the  following  property.  Let  lines 
be  drawn  from  this  point /'.  to  any  points  such  as  ]\  in 
tlie  curve:  and  let  other  lines  l)e  drawn  I'rom  the  points 
]\  severally  parallel  to  the  axis  V.  Jf.,  meecing  lines  IT. 
TP.,  drawn  peri>endienlar  to  the  a\i.^,  and  terminated 
in  the  curve.  The  lines  F.  1\  and  i'.  j).  will  be  in- 
clined at  e(pial  angles  to  the  curve  at  the  points  F., 
and  the  sum  of  their  lengths  will  be  everywhere  the 
same  :  that  is,  if  the  length  of  the  line  F.  V.  be  added  " 
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Waves  propagatedfrom  the  focus  of  a  parabola. 


KKKLKCTIOX    OF    WAVKS. 


1» 


u  to  the  length  of  the  line  1\  p.,  the  same  sum 
will  be  obtained,  whichever  of  tlie  points  P.  may  be 
taken;  anil  tliis  will  be  the  case  whatever  line  W.  W. 
be  drawn  perpendicular  to  V.  J/. 

It  follows  from  this  property,  that  if  the  focus  of  a 
parabola  be  the  centre  of  a  system  of  progressive  waves, 
tliese  waves,  after  striking  the  surface,  will  be  )-eflected 
so  as  to  form  a  series  of  parallel  straight  waves  in  the  di- 
rection of  the  hues  17. 11",  and  moving  from  F.  towards  3f. 
This  may  be  demonstrated  in  precisely  the  same  man- 
ner as  it  has  been  proved  in  the  case  of  the  elliy)se  that 
the  reflected  waves  form  a  ciri-le  round  the  focus  F.' ;  for 
the  hues  F.  P.  and  j>.  P.,  Fig.  237,  forming  equal  angles 
with    the   curve,   will  necessarily   correspond   with  the 
direction  of  the  incident   and  reflected  waves,  and  the 
sum  of  these  lines  being  the  same  wherever  the  point  P. 
may  be   situated,  the  several  points  of  the  same  wave 
striking  different  points  of  the  parabola  will  arrive  together 
at  the  line  W.  W.',  inasnnich  as  they  move  with  the  same 
velocity,  and  have  equal  spaces  to  move  over. 

On  the  other  hand,  it  follows,  by  precisely  sinnlar 
reasoning,  that  if  a  series  of  parallel  straight  waves  at 
riffht  anoles  to  V.  M.,  moving  from  M.  towards  F.,  should 
strike  tlie  parabolic  surflice,  their  rertections  would  form 
a  series  of  circular  waves  of  which  the  focus  F.  would  be 

the  centre. 

If  two  parabolas,  A.  V.  B.  and  A\  F.  B'.,  Fig.  2:3S,P1.  2, 
fiice  each  other  so  as  to  have  their  axes  coincident  and 
their  concavities  in  opposite  directions,  a  system  of  pro- 
gressive circular  waves  issuing  from  one  focus  F.  will 
be   followed    by   a   corresponding    system    having   for 
the    centre    the    other   focus   F'.      The    waves   w-lnch 
diverge  from  F.  after  striking  on  the   surface  .1.  F.  B. 
will  be  converted  into  a  series  of  straight  parallel  waves 
movinj?  at  right  angles  to  F.  F'.  and  towards  F.     These 
xvill  strike  the  surface  A'.  F.  B'.,  and  after  being  reflected 
from  it  will  fonn  another  series  of  circular  waves,  having 
the  other  focus  F'.  as  their  connnon  centre."' 
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"  Acirciiliir  siirflicc,  if  ils  oxtoiit  bo  not  great,  (•oiii[Ktre(l 
with  the  loiij^th  of  its  radius,  may  be  considered  as  practi- 
cally coinciding  witli  a  paral)olic  snifuce  whose  focus  i?  at 
tlie  middle  i)oint  of  th(;  i-a<lius  of  the  circular  surface.  For 
example,  let  .1.  B.,  Fig.  '2'-V.),  be  a  circular  arc,  whose 
centre  i;j  C,  -mi^X  whose  middle  point  is  V.  Let/'',  be  the 
middle  point  of  the  radius  6'.  V.  Then  .1.  B.  may  be 
considered  as  so  nearly  coinciding  with  a  parabola  whose 

i'ocus  is  F.,  and  whose  vertex 

p  (^'  is  v.,  that  it  will  possess  all 

.__j i  ^]|^,  ])roperties  ascribed  to  the 

parabola  ;  and  consecpiently 
spherical  surfaces,  provided 
their  extent  be  small  compared  with  their  diameters, 
will  have  all  the  properties  here  ascribed  to  parabolic  sur- 
faces." 


SOS.  ^^  Exper'unentdl  Ubistratl  iis  of  tlicm  in-niciplcs. — 
All  these  effects  have  been  beautifully  verified  by  experi- 
ment by  means  of  expedients  contrived  by  the  jMessrs. 
Webber,  whose  arrangements,  nevertheless,  for  this  object 
admit  of  still  further  simplilication. 


Experiment  1, — Let  a  trough  of  convenient  magni- 
tude be  partially  tilled  with  mercury,  so  as  to  present  a 
surface  of  that  fluid  of  sufhcient  extent.  Let  a  piece  of 
writing-paper  be  foimed  into  a  funnel,  wifh  an  extremely 
small  opening  at  the  point,  so  as  to  allow  a  mimite  stream 
of  mercury  to  flow  from  it.  Let  a  piece  of  sheet-iron, 
having  a  perfectly  plane  surface,  be  now  immersed  ver- 
tically in  the  mercury,  and  let  a  small  stream  descend 
from  the  funnel  at  any  point  upon  the  surface  of  the 
mercury  in  the  vessel.  A  series  of  progressive  circular 
waves  will  be  produced  around  the  point  where  the 
mercury  falls,  which  will  spread  around  it.  This  will 
strike  the  plane  surface  of  the  sheet  iron,  and  will  be  re- 
flected from  it,  forming  another  series  of  circular  waves," 
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"  whose  coiitre  will  be  n  point  oqunlly  (listuut  on  the 
other  side  of  the  .sheet  iron,  as  jilready  described. 

Experiment  2.— Let  a  piece  of  sheet  iron  be  bent  into 
the  form  of  an  ellipse,  snch  as  represented  in  Fi<r.  23G  • 
and  let  the  position  of  the  foci  be  indicated  by  h  small 
wire  index  attached  to  it.  Let  this  be  immersed  in  the 
mercury  in  the  troni-h  ;  and  let  the  funnel  be  bronuht 
directly  over  the  point  of  the  index  which  marks  the 
position  of  one  of  the  foci.  When  the  mercury  is  allowed 
to  fall,  a  series  of  circular  waves  will  be  produced 
round  that  focus,  and,  striking  on  the  surface  of  the  iron 
will  be  reflected  from  it,  forming  another  series  of  circu- 
lar waves,  of  which  the  other  focus  is  the  centre  as 
already  expressed. 

Experiments  3.— Let  a  piece  of  sheet-iron  be  bent  into 
the  form  of  a  parabola,  as  represented  in  Fig.  237  the 
position  of  the  focus  being,  as  before,  marked  by  an 
index.  If  this  be  immersed  in  the  mercury,  and  the 
stream  be  let  fall  from  the  funnel  placed  at  tUe  point  of 
the  index,  a  series  of  circular  waves  will  be  produced 
around  the  focus,  which,  after  being  reflected  from  the 
parabolic  surface,  will  be  converted  into  a  series  of 
parallel  straight  waves  at  right  angles  to  its  axis,  as 
already  explained. 

Experiment  4.— Let  two  pieces  of  sheet-iron  formed 
into  parabolic  surfaces,  with  indices  shewing  the  foci, 
be  immersed  in  the  mercury  in  such  a  position  that  their 
axes  shall  be  in  the  same  direction,  and  their  concavities 
facing  each  other.  From  the  funnel  let  fall  a  stream 
upon  one  focus  E,  Fig.  23^.  Circular  waves  will  be 
formed  which,  after  reflection  from  the  adjacent  parabola, 
will  become  parallel  waves,  and  after  a  second  refl(!ctiou 
from  the  opposite  parabola  will  again  become  circular 
waves  with  the  other  focus  as  a  centre. 

Experiment  5.— If  pieces    of  sheet-iron  be  bent  into 
the  form  of  circular  arcs  whose  length  is  small  compared'' 
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^Svith  rli.Mf  n.diiis,  tilt'  same  efti'cts  will   be  pro,! „ ml 
Jis  tli().s«>  which  were  produced  by  parabolic  surfaces." 

809.  "  Flwnomnw  prothurd  iclicn  tiro  sifstnus  of  waves 
cncount'T  each  ofhrr.—^Wwn  two  waves  which  proceed 
from  difH'rei.J;  centres  encounter  each  other,  effects  ensue 
which  are  of  consideralde  importance  in  those  branches 
of  physics  wliuse  theory  is  founded  ujmn  the  principles 
of  undulation. 

I.  If  the  ehn-arit)ii  of  one  wave  coincid(!S  with  the 
elevation  of  anotlier,  and  the  depressions  also  coincide  a 
wave  would  be  produced,  the  height  of  whose  elevation, 
and  tiie  depth  of  whose  depression,  will  be  equal  to  the 
sum  of  tlie  hriohts  and  depths  of  the  elevation  and 
depression  of  rh<'  two  waves  which  an;  thus,  as  it  were 
'sup(u'[)osod. 

U.  If,  however,  the  elevation  of  one  wave  coincide 
with  the  depression  of  the  other,  and  rhc  versa,  then  the 
effect  will  be  a  wave  whose  elevation  will  be  equal  to  the 
difference  of  the  elevation,  and  whose  depression  will  be 
the  difii'i-euce  of  the  depression  of  the  two  waves  which 
thus  meet. 

^  III.  If,  in  rlie  former  case,  the  heights  and  depres- 
sions of  the  waves  sui)erposed  be  equal,  the  resulting 
wave  will  have  double  the  iieight  of  the  elevation,  and 
double  tlie  depth  of  the  depression. 

IV.  If  the  heights  and  depressions  be  equal  in  the 
second  case,  the  two  waves  will  mutually  destroy  each 
other,  and  no  undulation  will  take  i^lace  at  the  point  i.." 

Note.-Xns.  r.  a.1.1  [If,  of  llio  al^uve  propositions  are  open  to  objec- 
tion, and  ina.linissible  unless  strictly  demonstrated.  The  probal.Io 
eiTect  (of  sucl.  superposition)  \voul,l  be  to  increase  the  volume  of,  and 
to  amplify  the  wave  in  breadtli,  and  to  increase  the  rapidity  of  itn 
propagation  (or  velocity  of  the  undulation)  but  not  to  increase  its 
elevation  and  dej.ression.  The  moan  point  of  distance  between  the 
Diaximum  elevation  and  depression  must  be  the  plane  (i.  e  mean- 
liorizontal  plane)  of  the  liquid.  It  certainly  requires  demonstra- 
tion that  the  elevutiun  and  depression  of  one  wave  can  be  increa.scd 
by  the  adihtion  or  coincidence  of  a  second  wave,  of  which  the  eleva- 
tion and  depression  is  not  greater  than  that  of  the  first. 
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■•■••' qucstioi. ;  for  rlic  <liH;-i-oi!oi'  (ff  e!"v.ifi(»iis  nixl  tlio  ditler- 
oiiivo.f  (k.pivssioiis  l„.i,iu-  iiofliiiii.-,  ilm-e  will  be  iioitlicr 
flevatioii  nor  (Ifprcssioii.  Ji,  i;„.,r.  in  this  lalh'rcaso,  the 
<h!pr('ssioii  of  each  \\ave  is  IJHed  up  by  the  olovatiou  of 
the  oth(M\" 

810.  '' Intn-jWnirr  of  ?,v/,vw.— This  pheiiomonon, 
iiivolvinij  the  elllicement  of  an  uiidulation  by  the  eircmu- 
•sraiiee  of  two  waves  iueetiiio' in  tlie  manner  described,  is 
called,  in  the  theory  of  undulation,  an  interfereneo,  and  is 
attended  with  remarkable  conse(|uences  in  several 
branches  of  pliysic.N." 

^li.    ^^  Jivpcriuirntd!  iJInsfnit'n.i)   <,f  ,1, — 'J^],,.  two  sys- 
ten.s  oi  waves  forme.l  j)y  an  elliptical  surface,  and  pro- 
pagated,  one   directly  around  one  of  llie  foci,  and    the 
otlier  formed  l)y  r;>fiection  around  the  other,  exhibit  in  a 
\ery    beautiful    maimer,    tlie    plicnomeua    not     only    of 
refi-H-tion,  as    has    been    already  exjilained,  but  also  of 
interference!,  as  has  been  shown  with  remarkable  elegance 
l>y   the    ]\lessrs.    Web))er    nh'eady   referred    to.       These 
■phenomena  an;  rei)resented  in  Fig.  240,  P1.3,  where  a.  and 
l>.  are  the  two  foci.     The  strongly  marked  circles  indicate 
the  elevatnjn  of  the   waves  fbrmed  aromid   each   focus, 
and  the  more  lightly  traced  circles  indicate  their  depres- 
sion.    The  points   where  the    strongly    marked   circles 
intersect  the  more  faintly  marked  circles,  being  points 
where  an  elevation  coincides  with  a  depression,  are  coii- 
8e(piently  points  of  interference,  according  to  wliat  has 
been  just  explaiiu-d.     The  series  of  these    points  form 
lines  of  interference,  which  are  marked  in  the  diagram  by 
dotted  lines,  and  which,  as  will  be  seiMi,  have  the  foi'nis 
of  ellipses  and  parabolas  round  the  sann^  foci." 

SI-,'.  "Ij{f(edion  of  waves.— li'  a  series  of  waves 
encounter  a  solid  surface  in  which  there  is  an  opening 
through  which  the  waves  may  be  admitted,  the  series 
will  be  continued  inside  the  opening  and  without  inter- 
ruption ;  but  other  series  of  progressive  waves  huvin'r  a" 
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''circular  forin  will  be  yi'iicratcd,  jiaviiin  the  »M'ire  of  tlic 
opcniiiir  as  their  centres. 

Let  M.  N.,  Fiir.  2\  I ,  PI.  :},represoiit  sucli  a  surface,  liaviiiir 
an  opening  wiiose  edues  are  J.  and  />'.,  jind  let  (\  be  a 
centre  from  whic!,  ,i  series  of  progn'ssive  circular  waves 
is  propagited.  These  waves,  enterinir  at  the  opening 
A.  B.,  will  contiuMe  their  coin-se  uninterrupted  forming 
the  circular  arcs  I).  E.  ]',ut  around  A.  and  /.'.  as  centres, 
systems  of  progressive  cirular  waves  will  be  foi'nu'd  which 
will  unite  with  tlu;  waves  A  F..  com[>Ictingthcin  ]»v  circu- 
lar arcs/)./'.  and7t,\  /'.  meeting  the  obstructing  surface  on 
the  outside  ;  but  these  circular  waves  will  also  be  formed 
throughout  the  remainder  of  their  extent,  as  indicated  in 
the  figure,  on  l)oth  sides  of  the  obstructing  siu'fjice,  and 
intersectimr  the  oriuinal  system  of  wa^es  propauated 
from  the  centre  C  They  will  also  ibrm  with  these, 
series  of  points  of  interference  accordinu'  to  the  lu'inci- 
pLs  already  e.\[»laine(l. 

The  effects  liere  described  as  |U-oduc(Ml  bv  tlu!  ed<>-es  of 
an  opening  through  whii-h  aseriesof  waves  is  transmitted 
is  called  inflection,  and  it  will  appcuir  hereafter  that  they 
form  an  important  feature  in  several  branches  of  jdiysics 
whose  theory  is  based  upon  the  principles  of  undula- 
tion." 

Quotation  froni  Lanliicr's  Xatnnil  riillosophij,  con- 
tinued. 

UmJulaiion  of  Elastic  Fluids. 

"■  \{  any  portion  of  the  atmosphere,  or  any  other  elastic 
fluid  diffused  through  space,  ))e  suddeidy  compressed  and 
immediately  relieved  from  the  compressing  force,  it  will 
expand  in  virtue  of  its  elasticity,  and,  like  all  other  similar 
examples  already  given,  will,  after  its  expansion,  exceed 
its  former  volume  to  a  certain  limited  extent,  after  which 
it  will  again  contract,  and  thus  oscillate  alternately  on  the 
one  side  and  on  the  other  of  its  position  of  repose. 

81  f.  ''  F)i(hih(ti(nis<iJ  aspliere  of  air. — We  may  consider 
this  effi'ct  to  be  produced  u[)on  a  small  spheri;  of  air  having 
any  proposed  radius,  as,  for  example,  an  inch.     Let  us'^ 
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Jnterferenee  and  Inflexion  of  Waves. 
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"  ■■'  »piinv,  w,ll,  u  r,„ii,„  ,„„„.wl,ut  .M„„lor  ,l,.„.l 

r:"' 7"  "•"' "■--■•^1-'' -  „i,„;,;:;    ! 

„>        pit  us     Willi     i.Kli,     i,.s,s    n,„      ,rn>j,t(.,-    finn    !.,, 

|-n.iau,.|,tiy  its  „ri,;i„„|  ,|,„„,,„i„„,,  '""'""■' 

TI„.,o  „,,dll„tio„,  will   not:  l„>  ,„„ ,,  to  „,„  ^■. 

>.e.,t  „„.  w,„  „c...,.,,,.,.iiy  ,;,„,„,  ,,„  eo;,t,.„., :  r  ■ 

when     ,.st  o„,„|,,c..,.,|,  so  that  a  .,,,i„.H..,,l  .|„UI  !    a ^ 
vine,  1,,.,  o„ts,l„  tl,..  »,,l.or„  will  o.v,,,„„l  „,„,  t^Z 

less  .1,.M»„  tl,a„  i„  its  ,„,,t,,  of,.r|„ilil,n„M, 

Who,,  tho  o,M,tral  s|,l,o,-o  a-Mia  „.v|«,„|,,  tin,  „,tenu,l 
.1.o>;k,,   sLell  will  contract,  a.ul  will  b^co  „n„o,-o 

"'^"V"  "''"'"  "^  "'I' ''■"'"■     'J'l,i,sl„.llvvill„.    i    a 

::;';:'"'''■'''■'•  "'7'' ti„.,..,,„«n™i.,i,„„„„tli,  ; 

.'"'I  tin,  u|,o„  an„tl„.,-  o„t,i,l„  i,,  a,„I  ,,„  fo,.t|,     j,-  j,,,,, 

vo  ,,,,,,„,,,,,  ,nn„l,,o,.  of  ,n.,«.,i.,  ,,,„„,.,,  „„,,„„„„„; 

T  .c  pou.t  o  onsMial  compression,  wo  ,l,all  have  a  series 

^  .l.i.er,cal  shell,  of  ah,  whirl,  will  he  alternatelV"    ! 

Wed  an,l  expand, .,1  in  a  ..-eater  .l,.g,.ee  than  when  in  a 

state  of  repose.    Tin,  eondensation  an,l  expansion  thn, 

prea,  ,„g  sperieall,  ,,„,nd  the  original  centre  of  dist       ! 

->oe,  ,.,  ,n  all  respects  a,.aIogo,„  to  a  series  of  circniar 

aves  fornnng  ro,„„l  the  centnd  point  npon  the  snrfa 
0  a  I  ,,„„,,  the  elevation  of  the  wave  in  [he  case  of  the 
,  n   ™rr..po,„I,ngt„tl,e  ,.o„den,ation  i„  the  case  of  the 

ox;::::':t;:;':r""'"--™---p-^'"stotho 

in  the  (!,..»  •    ,      "''"'—"  «  w  dl  limit  our  ohservations 

n    he  fiist   nstance  to  a  single  series  of  parth-les  of  air 

'■mn,lu,g  ,1,  a  straight  line  from  the  cntre  of  ,list„rl, -" 
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"aiicf  A.,  Ki<r.  24:.',  towiinis  7'.  f.«'t  S.  A.  rrprcsnit  !li<' 
fi|>aci!  tlir(»ii«ili  wliirli  tlicdiNtiuldiiu  {o\rv  arts,  and  Irt  us 
iiiinj^inc  this  air  siiddi'iily  jHH'sscd  Irdiii  S.  \tt  A,  l>y  soiin* 
Hulid  hiii'tiicr  iiiovinu;  against  it,  and  let  us  suppose  that 
this  motion  Irom  .S'.  to  A.  is  inadi>  in  a  srronih  N«»vv,  il 
air  wvw  a  hody  drvoid  of" «dast icily,  and  likr  a  |H'rl'»'<tly 
rigid  rod,  the  fflJ'ct  ol'  this  motion  (d'tlir  solid  snrf'aci'  (r»tn; 
S.  to  A.  vvonhl  !>(' topiish  thrrrniotcoxtrcndty  T.  throuyh 
a  space  to  thr  rii:ht  corrrspcnurum  u  ith  and  t'unal  to  S.  A. 


m  v.  ,n, 


r 


Bnt  siicli  an  «'llrct  docs  n(»t  take  [dact',  lirst,  hccausc 
air  is  hiuhly  chistic,  and  lias  a  tendency  to  yiehl  t(>  the 
force  cxcitcfl  l>y  the  solid  siirliice  upon  it  while  it  nutves 
from  S.  to  .1.;  and  secondly,  hecause  to  transmit  any 
ellbctfrom  A.  to  a  n-mote  [toint,  such  as  7\,  wcndd  re([uire 
a  mnch  uiraier  inter\al  ol  time  than  that  which  elaj»scs 
diM'injz  the  movement  of  the  snrtiice  IVoin  .v.  io  A.  The 
ellect,  therefore,  of  tlu'  com[»rcssion,  in  the  interval  (d  time 
which  elapses  dnrinu  the  motion  from  S.to  .1.  isto  displace 
the  particles  (d'  air  which  lie  at  a  certain  th  finite  distanct; 
to  the  right  of  A.  Let  this  distance  for  exam[de  be  .1 .  //. 
All  the  [>arti«des,  therefore,  of  air  which  lie  in  succession 
from  A.  to  /)*.  will  b«'  ene<'ted  UHtrv.  or  less  l»y  the  com- 
pression, and  will  c()nse([uently  he  brouuht  into  closer 
contiguity  with  (iudi  other;  but  they  will  not  be  e(pially 
compressed,  because  to  enable  the  series  of  particdes  of 
air  lying  Ix'tween  .1.  and  I>.  to  assume  a  uniform  den- 
sity recpiires  a  longer  time  than  ela[»ses  during  the 
motion  of  the  solid  surface  from  >S'.  to  A.  At  the 
instant,  therefore,  of  the  arrival  of  the  compressing 
surface  at  A.  the  line  of  particl  s  between  A.  and  B. 
will  be  at  diU'erent  distances  from  each  other  ;  and  it  is 
proved  by  mathematical  principles,  that  tlu;  point  where 
they  are  most  closely  compressed  is  the  middle  point  ni. 
between  .1.  and  JJ.  and  therefore,  departing  from  the'*" 
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''  the  iiii(l(ll<>  point  ni.  in  citlicr  direction,  tlic}  .irr  less  and 
1«'H8  conipn'.ssrd.  Tin*  condition,  tlicictorc,  of  tin*  iiir 
b»'tw('»'n  J.  and  li.  is  as  follows.  Its  density  irradiially 
increases  from  .1.  let  di.  and  <ifradnally  decreases  from  ni. 
to  li.  Now,  it  is  also  j»r(»ved  that  tlu!  ellect  of  tlio 
elastic  force  of  the  air  is  such  that,  at  the  next  mometit 
of  til  '*  after  the  arrival  of  the  comj»ressini{  snrline  at 
A.  the  state  of  varying  coinpres>iion  which  has  just  been 
(h'scrihed  as  prevailintj  between  A.  and  /».  will  prevail 
between  another  [)oint  in  advance  of  A.  such  as  .1'.  and 
n  point  /^'.  ecpially  in  advance  of  7/.,  and  the  point  of  the 
greatest  comprt-ssion  wiU,  in  like  manner,  have  advanced 
io  ni'.  at  the  same  distance  to  the  rif^ht  of  ///.  In  short, 
the  conditions  of  the  air  between  A',  and  li'.  will  hv  in 
all  respects  sinnlar  to  its  condition  the  previous  moment 
between  A,  and  //.,  and  in  like  manner,  in  the  next 
moment,  the  same  condition  will  prevail  between  the 
particles  A"-  and  li".  to  the  right  of  A',  and  />".  Now^ 
it  must  be  observed  that  as  this  state  of  varving  densirv 
jM-evails  from  left  to  riiiht,  the  ail'  behind  it,  in  which  it 
formerly  pv«'vailed,  resumes  its  primitive  condition.  In 
a  word,  tlu;  state  of  varying  density  which  has  ])een 
described  as  prevailing  between  A.  and  Ji.  at  the 
moment  the  compressing  surface  arrived  at  A.  will  in 
the  succeeding  moments,  advance  from  lett  to  right 
towards  'T.,  and  will  so  advance  at  a  uniform  rate;  the 
distance  between  tlie  points  .1.  //.  A'.  Ji'.  and  A".  B"., 
&c.,  always  remaining  the  same.  " 

Sl().  "  Acridl  iiiHlitl((f!<)iis. — This  Interval  between  the 
points  .1.  and  B.  is  called  a  iracc  or  iti/dnlalion,  from  its 
analogy,  not  only  in  foiiu  but  in  its  progressive  motion, 
to  the  waves  fornu>d  on  the  surface  of  liquids,  already 
described;  the  ditlerence  being  that  in  the  one  case  the 
centre  of  the  wave  is  the  point  of  greatest  elevation  of 
the  surface  of  the  Tupiid,  and  in  the  other  case  it  is  the 
point  of  greatest  condensation  or  compression  of  the 
particles  of  the  air.     The  distance  between  .1.  and  li." 
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'•  or  betwooii  .1'.  iiiul  1>.  or  bctwcon  A",  and  />".  wliicli 
jiKviiys  rciuaiiis  the  saino  as  the  wave  [)i-ojrrosst>s,  is  called 
the  Ivtxjfh  of  the  irarc. 

Ill  what  precedes  we  have  siippost^l  the  coiupressinsr 
surface  to  advance  tVoiii  ^ii.  to  .1.  and  to  [n-odiice  a  coin- 
pression  of  the  air  in  advance  of  it.  Let  us  now  .smi>- 
posc  this  surface  to  he  at  J.,  the  air  continuous  lo  it 
huviiii;-  its  natural  density. 

W  tiie  wave  jinncrd  <i>n(n()-'nri-:c  from  .1.  to  S.  the  air 
which  was  contiuuous  to  it   at   .1.  will  rush  alter  it   in 
virtue  of  its  elasticity,  so  that  tlu^  air  to  the  riuiit  of  .1. 
will  be  disturbed  and  rendtM-ed  less  dense  than  pre\  iously. 
An  effect  will  be  produced,  in  fine,  prtM'isely  contrary  to 
that  which  was  produced  when  the  wave  ad\aiic«'d  iVoiu 
jV.  to  .1.;  the    coiise(|uence  of   wliich  will    be   tliat    a 
chanire  will  be  made  uixin   the  air  between   J.  and   1). 
exactly  the  reverse  of  that  which  was  previously  made, 
thiit  is  to  say,  the  middle  [joint  /;/.   will  bt>  that  at  whii'h 
rl.e  rarefaction  will  be  greatest,  and  the  density  will   in- 
cre.ise  gradually,  proceiMling  troin  the  jtoint  hi.  in  either 
direction  towards  the  points  .1.  and  11.     'i'he  sam(M)bser- 
vations  as  to  the  pr(»uressive  motion  will  be  ap|>lical)le 
as  before,  only  that  the  progression  )tt,  instead  of  being 
the  point  ot  greatest  c(nidensaiioii,  will  be  the  point  of 
least  density." 

SI  7.  ''  ]]'((!( s  foitiliiisal  (Old  ydnjird. — TJic  space  A.  1>. 
is  also  in  this  case  denominated  a  wave  or  undulation. 
Jbit  tliese  two  species  of  waves  are  distinguislu>l  one 
from  the  other  by  being  denominate*!,  the  former  a  coii- 
(h'li.si'd,  and  the  latter  a  no-rjird  tnirr.  Now,  let  it 
be  supposed  that  the  compressing  surface  nio\t's  alter- 
nately backwards  and  forwards  between  S.  and  A. 
making  the  excursions  in  espial  limes.  'I'lie  two  series  of 
waves,  as  already  defin«'d,  will  be  produced  in  succession. 
"While  tli;-  condensed  wave  moves  from  S.  towards  T. 
tuJ  rarefied  wa\e  immediately  follows  it,  and  in  the  same 
inanner  this  rarefied  wa\-e  w  ill  be  followed  bv  another  " 
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<'  coiidcnscd  wiivo,  iirodiiccd  by  the  iicM  oscilljition,;!!,,]  so 
oil.  The  aiiidouv  of  tlit'se  pliciioiiicii.i  to  the  jn-o^ivssivc 
iiiidiilatioM  on  the  siii-facc  (»r  n  ii.jiiid,  as  already  des- 
cribed, is  ol)\  ions  and  striisiim'. 

AVliat  lias  been  here  desei-ibed  with  relerenee  to  a 
siinyl(!  line  of  i)artic!es  extending-  t'roni  the  centre  of  the 
distance  A.  in  a  particular  direction,  ise(|iially  apidicable 
to  every  liie  diveruiim'  in  i'very  conceivable  direction 
aronndsncli  centre,  and  hence  it  foHows  that  Ihesuccess- 
sion  of  condensed  and  rarelied  \\a\cs  will  be  i)roi)ai>ated 
nniiid  the  centre,  ejich  wave  Ibriniim  a  spherical  snrfaco 
\vhich  is  contiimally  prouressive  and  nnilbniily  oiilar<;es 
the  wave  inovinu  Iroin  the  coininon  centre  with  a  uni- 
form motion." 

Sis.  "  VcliH'ilii  (oidjuycc  of  Aerial  irnvrs. — The  velocity 
Avith  which  such  niididiitions  are  propagated  through  tho 
atmosphere  depends  on,  and  varies  with,  the  idasticity  of 
the  fluid. 

The  decree  of  compn'ssion  of  the  wave,  wliich  corres- 
ponds to  the  height  of  a  wave  in  the  case  of  liipiids, 
(U'pends  on  the  energy  of  the  distiirbinu'  force.  All 
the  elli'cts  whi(di  have  been  described  in  th<>  c;ise  ol 
waves  formed  upon  the  surface  of  a  liipiid  are  reproduced, 
under  analoi^ons  condirions,  in  the  case  of  iiiidiilations 
})ro|>agated  throuijih  the  atmospli(>re." 

SI!).  ^'T/n'/r  iiiffj/cniHT. — Tims,  if  t  woseries  of  waves 
coincide  as  to  their  points  ofun'atest  and  least  condensa- 
tion, a  series  will  be  Ibrnied  whose  yreatest  condensa- 
tion and  rarefaction  is  determined  bv  the  sum  of  jxtints, 
as  jnvvailiiiii'  in  the  separate  nndidatioiis;*  iiid  if  the  two" 

*  See  tli(Min||.  Ml  |i;i;ic  It;,  A<-MiiiiiiL;  iliMl  llic  xuitnliifs.-.  nl  lliiMilijcc- 
tion  staled  in  llial  tu>t>\  lia-  tu  \iv  allcud.  ii  i-^  m,!  iicrliaji,-.  (|uit('  .so 
obvious  tliat  it  wiU  aisoapplx  (n  tin- case  al.ovf.  Wrdjiiiu',  Imwcvor, 
tiiiit  (assiuniiii:'  llif  pnssiliiliiy  of  an  aerial  wave  siicli  a- liescrilie  I) 
tiie  l\vnease,-i  are.  in  rojieei  in  tiiis  jiarticular.  -Irirllv  analoiiuiis,  and 
that,  ('(iiisecnieiuly.  tiie  same  oiijei'limi  iji.es  ajipli  ;  iianiely.  that, 
tiie  etiincidenee  ol'twii  uiidiilatiuiis  (ur  \vave>;  in  liie  elastic  lliiid  will 
not  increase  tlie  eondensalidii  and  rarelaelimi  as  .-ta!ei|  alin\ c  ;  IhiI  wiil 
inerea>e  tlie  ani|ililii.'e  and  v .  ve  leni:tii  d'tlie  iinduJalinn. 
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"  sni.'s  i.iv  so  aiiaiiufd  rliiit  the  points  oforoatost  coiulei!- 
SfitioiioCihcoiR.  coiiicido  with  the  greatost  rarefaction  of 
the  other,  and,  rin'  rrrsa,t\w  series  will  have  condensa- 
tions and   rarefactions  determined    ])y  the  diflJ-rence  of 
♦•acli  of  the  separate  series;   and,  in  line,  if  in  this  latter 
case  the   condensations  and    rarefictions    be   equal,   the 
nnd.dations  will   mutually  elli.ce    each  other,   and    th.' 
idienomena    of    interference,    already    described     as    to 
li([uids,  will  be  reproduced. 

As  th«'  undulations  produced  in  the  air  are  spread  over 
spherical  siirfiices  liaviny  the  centre  of  disturbance  as  a 
(•(•mmon  centre,  the  mai-iiitude  of  these  surfaces  will  be 
in  the  ratio  of  the  s(|uares  of  the  radii,  or  what  is  the 
same,  of  the  s((uaresof  their  distances  from  the  point  of 
central  disturbance  ;  and  as  the  intensity  of  the  wave  is 
diniinished  in  pn. portion  to  the  s^jace  over  which  it  is 
•litlVised,  it  follows  that  the  eHects  or  eneruy  of  these 
waves  will  diminish  ns  the  squares  of  their  distances  from 
the  centre  of  [n'opajation  increase.*' 

It  appears  to  us  that  certain  of  the  pro[>ositions  relating 
to  interference  in  the  (li(iuid)  wave  the(.ry,  as  stated  in 
the  precedin,<r(|uotarion,  are  not  sullicicntly  supp(Mted  by 
e.\i)erimental  demonstration  and  are  by  no  means  satis- 
factorily established,  [n  tin;  four  cases,  stated  art.  SO!). 
of  two  systems  of  waves  encountering  each  other,  it 
s«!ems  most  probable  that,  whether  the  eh-vations  and 
depressions  of  the  one  coincide  with  those  of  the  other 
or  whether  they  do  not  coincide,  the  two  waves  will 
destroy  or  neutralise  cju'h  other;  and,  moreover,  it  seems 
probable  that  siirh  neutralisation  would  take  place 
immediately  in  the  case  where  the  elevation  of  the  one 
coiiici(h'd  with  the  elevation  of  the  other,  *  (but  this  is 
directly  the  contrary  to   Dr.  Lardner's  statement  in  the 

*  It,  liducvcr,  tlic  rleviition  jiii.l  dcpiv.'^sioii  of  tlio  cin'oiiiiliTiiiii; 
\vav(v«  W  ruusi.k.n.lilc,  l.utli  waves  \voul,l  l,e  partiiilly  ivllcrtt'il,  ana 
tins  i-flKrti.iii  wuiiKl  ln' humv  coiiiiiU'tc  llic  givatcr  (lie  vcl^R'ity  uCtlie 
t'liciiiiiiirriiir  wavi  s. 
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proet'ding  quotation),  wliercas  if  tlie  elevation  of  the  one 
coincided  with  the  depression  of  the  other,  the  one  would 
probably  pass  over  and  under  the  other,  and  both  would 
continue   to  undulate  in   the   opposite  directions   for  a 
limited  distance  aiul  only  gradually  destroy  each  other  by 
an  interference  which  might  be  called  frictiouid.     The 
propositions  would,    as  it  seems  to  us,  apply  more  cor- 
rectly to  two  systems  of  waves  travelling  (or  propagated) 
in  the  same  direction,  the  undulations  of  the  one  haviu"- 
a  greater  velocity  than,  and  overtaking,  the  other.     (It  is 
on  the  assumption  of  an  actual  interference  of  the  kind 
supposed  that  the  objection  to  the  particular  case  contain- 
ed in  the  note  at  p.  1 0  is  made,  and  we  are  not  to  be  under- 
stood thereby  as  aflirming  or  admitting  the  soundness  of 
any  part  of  the  general  theory  to  which  these  propositions 
belong.)     But   the  same  propositions  are  applied.  Art. 
SIO,  to  interference  of  encounteringundulations  in  elastic 
fluids;  and   it  is,  as  appears,  at  once  assumed,   on   tiie 
ground  of  analogy  only,  that  these  propositions  are  to  be 
accepted  as  (fact)  postulates  or  axioms,     liut  the  objec- 
tion taken  to  them  in  their  application  to  the  liciuid  wave 
also  a]>plies,  and  even  more  obviously,  to  the  encounter- 
ing undulations  of  the  elastic  fluid.     If  two  equal  undu- 
hitioris   encounter    from    opposite    directions    it    seems 
almost  obvious  either  that  they  nuist  destroy  (neutralise) 
each  other,  or  that  both  of  them  must  be  rellected  ;  but 
Nos.   I.  and   HI.  of  the  [U(>[>osirions,  applied   to  elastic 
fluids  in  Art.  819,  teach  that  in  such  case,  the  eflect  (in 
the  compression  and  rarefaction  of  the  resulting  undula- 
tion) is  the  sum  of  the  two  undulations  ;    without  defni- 
ing,   however,  in  whicii  direction  the  resultin;^    unduhi- 
tion  or  wave  is  to  proceed.  In  the  case  of  proposition  If., 
w^here  the  resulting  wave  or  un(hdation  is   stated  to  be 
the  diderence  of  the  two,  tlie  doctrine  does  not  appear  so 
incredible — although,  in  this  case,  the  result  which  any- 
one acquainted  with  the  laws  and   [ihenomena  belonginu 
to  mechanical  science   would   pro)ial)ly  expect  to  lind. 
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would  !).'>  a  vrlooity  in  tlio  rcsultiiiij  wave  or  uiidiilatioii 
0(|ual  to  the  (JUfcrcucr  in  tlie  vchc Hies  o\'  t\\c  ewcownicv'm^ 
utH>(nial  undulations. 

However,    tlie   entire    tlu^ory    in    its    apjdieation     to 
elastie  (lni<ls,  as  set  fortli,   is  (piite  at  variance  witii   tlie 
known  facts  and  estaldislied  laws  of  mechanical  science. 
AVIiat  should   be  our  answer  if  told   and  called   upon  to 
adniittliat  a  pound  of  water  in  desc<Miding  one  foot  (^ould 
develo])e  or  eliniinat<'  mechanical  power  capa))le  of  raising 
a  ton  weii^ht   of  water  not  only  to  a  heiufht  of  one   foot 
hut  to  a  heiiiht  of  an   unlimited  or  indefinite  nund)er  of 
miles?   and  yet  this  is  substantially  and  almost  precisely 
what  we  are  here,  in  othtM'  words,  told  and  required  to 
accej>t  as  science.    U«>f«!rrin<i' to  the  illustration,  Fie;.  242, 
"  let/S'.  .1.  represent  the  space  through  which  the  disturb- 
ing force  acts,  and  let  us  imagine  this  air  suddenly  pressed 
from  S.  to  A.  by  some  solid  surface  moving  against  it, 
and  let  us  su[)pose  that  this  motion  from  .S'.  to  A.  is  made 
in  a  second."  Herein  we  have  clearly  stated  the  definite 
e\<'iting  or  developing    cause   of  a  definite    quantitj'    of 
mechanical  force  or  power,  because  a  definite  amount  of 
compression  in  a  dcfmite  time  of  a  definite  quantit}'^  of 
air  (or  other  elastic  lluid)  represents  a  <lefinite  amo\int  of 
mechanical  power  just  as  certainly  as  the  descent  of   a 
defmite  weight  from  a  definite  height,  or  the  motion  of  a, 
definite  weight  through   a   defmite   space   in   a   defmite 
time.     And    what    is    the   efiect    which    we    are    told 
this  definite  amount  of  mechanical   force   or   power  is 
capable     of    p«M'forming?       In     order      to      understand 
this  ch'arly,  let  us,  with  the  same  figure,  (Fig.  242,)  take 
the   point  A.  as  a  centre   and   with  the  distance  A.  T. 
describe  the  circle  T.  V.  V.  Y. ;  now  let  us  suppose  that 
the  wave-undulation,  as  represented,   has  a  volume  the 
breadth  of  which  when  it  has  reached  the  point  T  will  be 
e(|ual  to  one  degree  of  tlie  circle.  We  are  to.d  at  the  end  of 
Art.  SI  7,  that  the  cft'ect  defmed  and  illustrated  in  respect 
to  the  one  direct  line  "  is  equally  applicable  to  every  line 
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diverging  in  every    conceivable   direction   j, round   .such 
centre."     By  the  ilhistnition  and  statement  the  result  or 
eflect  at  the  point  T.  in  the  one  direct  line,  the  volume  of 
compressed  fluid  being  the  same,  r(!])resents  the  whole  of 
the  mechanical  power,  develoi»e(l  in  the  compression  from 
S.  to  A.* ;  but  the  circle  T.  V.  l\  Y.  contains  :J(»()  decrees  of 
which  the   line   terminating   at  T.    only  represents  one 
conse(|uently  if  the  efll-ct  is  transmitted  in  undiminished 
quantity  to  every  point  in   the  circle,  the   original  eHect 
has  been  increased  ;J()0  times.     \uw,  if  in   place  of  the 
circle   we  suppose  a  sphere,  the  sfpiare  of  this  quantity 
namely,  :i()U   x   ;J0(>,  will  represent  the  increa^-e  in  the 
elfect.     We  can,  however,  as  an  argument,  if  any  diili- 
culty  is  felt  as  to  this  preliminaiy  increase,  allord  to  leave 
this  aside,  and  to  suppose  a  circle  or  sphere  of  any  definite 
small  size  to  represent  the  original  definite  (|uautitv  of 
mechanical  power  eliminated.     Then,  if  a  circle  and  the 
distance  from  the  central  point  is  doubled,  the  area  or 
areal  content  of  the  larger  circle  will  equal  the  sfpiare  of 
the  ajeal  content  of  the  lesser  circle;  or,  if  a  spliere  and 
the  distance   from  tlie  central  point  is  so  doubled,  then 
will   the  cube  of  the   ai'eal  content  of  the  lesser  sphi^re 
representthe  areal  content  of  the  greater.  Therefore,  since 
the  efiectas  illustratedin  the  one  line  is  "equally  applicable 
to  every    line    diverging  in  every  conceivable  direction 
around  such  centre,"  it  follows  that,  when  the  distance  from 
that  centre  is  for  the  firsttime  doubled,  the  eflect  (which  is 
assumed  to  be  transmitted  in  undiminished  energy  and 
amount  to  every  part  of  the  surface  of  the   surrounding 
sphere)  must  have  increased  in  cubical  proportion,  i.  e., 
representing  the  original  eflect,   or  definite   amount  of 
power  eliminated,  by  P.,  we  now  have  at  the  surface  of 
the  dnphcated  sphere  P  x  P  x  P,  (or  P  .)     \A'hen  this 
greater   sphere    is   again  duplicated,  by    increasing   the 


fti 


!l 


*  Tlii."  may  be  iiitulc'  more  clearly  apparent  liy  snpposiiiff  the  line 
S.  T.,  in  the  illu.«tratiun  Fig.  212,  to  represent  a  tnl)e  (if  any  definite 
size. 
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riidiiil  (listiiin'c  in  vxcvy  diroctiou,  lo  lldir  times  J.  'J'., 
rhcii  the  first  n'sultiiiuclU'i-t  iiiiist  1)p  Ji^iiiii  cubed,  iiiid  wo 
ohtiiiii  r\  X  ]>-K  X  /".  („r  /".)  jiiid  so  on.  'J'h.it  tlie 
cirective  enerny,  in  iiny  one  direction,  of  the  inecliiinicid 
power  developed  or  eliniinated  b}-  tbt![)i'iniary  compression 
must  diminish  as  the  distance  from  the  onginati'ig  point 
increases,  is  to  a  certain  extent  a(hnitte(l  at  the  end  of  Art. 
S]!),  where  it  is  tluis  stated  :  ''  As  the  undidations  pro- 
duced in  tlie  air  are  spread  over  spherical  surfaces  having 
tlie  centre  of  disturbance  as  a  common  centre,  the  mag- 
nitude of  those  surfaces  will  be  in  the  ratio  of  the  s(pu(res 
of  their  radii,  or  what  is  the  same,  of  the  s(piares  (tf  their 
distances  fVom  the  point  of  central  disturbam:e ;  and  as 
die  intensity  of  the  wave  is  diminished  in  pro[)ortion  to 
the  space  over  which  it  is  diffused,  it  follows  that  the 
offsets  or  energy  of  these  waves  will  diminish  as  the 
S((uares  of  their  distances  from  the  centre  of  propagation 
increase." 

Now  a  little  attentive  consideration  will  make  it  appa- 
rr'ut  that  the  diminution  of  energy,  in  the  case  supposed, 
would  be,  not  as  the  srpiares  of  the  radial  distances,  but 
as  the  cul)es  of  those  distances  ;  because  the  increase  is 
as  the  increasing  areas  of  the  spheres,  through  which  in- 
creasing areas  the  uudulation  has  to  travel  (to  l)e  propa- 
gated) ;  the  undulation  is  not  spread  out  into  the  snrface 
of  the  sphere,  but  has  to  travel  throiujh  every  iwint  in  the 
surface  of  the  sphere. 

Note.  This  oJijcction,  r/,?.,  that  the  amplifw.atior},  and 
consequent  diminution  of  intensity,  must  he  as  the  cube  in- 
stead of  as  the  square  of  tlie  increasing  distance,  stands  hy 
itself* 


*  If  the  primary  .sphere  of  coinprossed  uir  (or  other),  wliich  furiiiH 
the  originating  centre  ot  tlio  iinduiution  he  supposed  toretain  its  inili- 
viditahty  as  a  sphere  of  definite  size  and  to  i)ropagateitselfradially 
(if  we  can  conceive  it)  in  every  direction,  it  is  ohvious  tliat  it  must 
overcome  tlie  negative  refiistance,  vis  inertia;,  of  tlie  particles  of 
air  (or  of  ether),  to  its  progress  in  each  and  every  direction,  and  this 
resistance  would  increurie  as  the  cube  of  the  distance  Iroin  the  origi- 
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As  an  anjHUKul,  wc  mr  atrarr  fhal  (O/  ansirvy  w<nj  he 
yivcn  vhkh  to  the  siij>],nrlrrs  of  IhrnixJalatunj  tlicory  wnjld 
appear  si(J/iciru(,  nanuh/,   ihat  thv  inuluhitiovfi  once  com- 
mrnced  arc  not  .sfippo.srd  fo  Increase  in  mire-fmfjth,  nor  to 
diminish  dirrcfli/  in  hngitndinaJ  infensift/;  i.e.  tlxit  if  it  were 
not  for  tlie  hderal  incrcasr  in  anij>liii(dc  (lateral  extension) 
the  leave  impulse  niit/ht  t>e  ]>ropa<j(ded  to  an  nntimited  dis- 
tance without  diminution  (f  intensity.     Ijut   this  assuntp- 
tion  is  not,  as  it  seems  to  us,  compatible  with  the  fundamen- 
tal origin  and  eharaeter  efihe  an  re  impuhc  as  set  forth  •   it 
is  not  ani/a-here  shon-n  how  a  de/inite  (puentitij  of  mechanical 
power  eliminated,  being  contained  in  and  i>ropaf/oted  Inj  the 
alternate  expansion  and  eontna-tion  of  a  defnUe  spherical 
portion  ofel((sticJ/uid,ean  be  amjdijiedlafrralh/  without  beine/ 
also  amplified  longifudijudtf/.     It   is  true,    in   the    impact 
theory  propounded  in  the  luwye.  liritt.  by  which  the  parti- 
cles arc  supposed  to  transmU  the  impulse  in  a  straight  line 
in  one  direction  only,  the  objection  irould  not  apply,  but  then 
it  isnotsltown  how  that  theory,  or  that  form  of  the  undulaton/ 
theory,  is  to  be  applied  to  an    influence  which  extends  itself 
radi'dlyfrom   a  centre   in  all  directions;  the  writer  cf  the 
Art.,  indeed,  when  the  application  of  the  theory  to  the  actual 
circumstances  has    to  be  considered,  appears  to  entertain 
a     misgiving  as  to    the    tennbUity  of  the  theonj,  a   mis- 
giving expressed   in  the  sentence   "  expanding  continually, 
if  wc  can  conceive  it,  into   a  wider  and  ivider  concentric 

iiating  contiv.  It  i,-  just  as  ovi,li.|it  tliat  l.v  LanlnorV  In-i.ntliosi.s 
(quoted  page  ID)  of  the  alternately  exjiaiKling  ami  contracting  8])|.ores. 
all  tlie  i)artio]es  ol'air  (or  ether),  occupying  space  between  (lie  centre 
and  the  surface  of  the  outermost  sphere,  have  U>  he  set  in  motion .  We 
shall  presently  jviint  out  that  the  supi)Osition  of  the  sjiherical  sjiells 
of  ela.etic  fluid,  one  outside  another,  i)ro]iagating  a  limited  and  deli- 
uite  quantity  of  mechanical  power,  as  stated  by  Lardner  (ipiotation 
page  ID),  involves  tlie  necessary  absurdity  ofsuj)posing  e.\j)ansion  and 
contraction  in  the  volume  of  the  air  or  ether  (elastic  fluid)  to  take 
place  at  one  and  the  same  time,  because  compression  here  means  con- 
traction in  volume,  and  expansion  in  volume  must  be  continuous  fur 
the  volume  of  the  lesser  3])here  to  continually  increase  into  tlie  greater 
sphere  surrounding  it. 
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sphcrr.'^  Xdir  I'crsoiis  do  not  feci  a  (lij/icidf/j  In  coticciciuff 
/aiuu'H  farfs  ((s  /(((fs,  f/ic  ohsfrratlon  or  n'c<i(/iiitioii  of  the 
fact  si(j)pll('s  (sfdiids  ill  till'  jilnir  of)  the  concrjition  so  far, 
tint,  irlim  it  is  jnvposcd  to  an'onntfor  the  fad  according  to  a 
fiarticiilar  thivri/,  and  there  is  a  dij/icidfi/  in  concviciny  the 
fact  in  the  [iroposcd  connirfimi  irith  the  thcori/,  it  must  tlicn 
lit  the  thcori/,  and  not  the  fn-f  itself,  ivliieh  occasions  the  dijfi- 
cidtij;  for  e.rainide,  It  heinfj  hnoirn  as  a  fait  that  the  impulse 
eausinij  sound,  harinif  orit/inided  at  a  ccntnd pmut,  spreads 
or  extends  itself  spliericall}/  (radiallij)  from  that  point  in  all 
directions,  there  is  no  dij/ieidti/  in  cinieeirini/  if  to  he  so,  hut 
takinij  the  fact  in  connection  icith  the  fheori/  jn-oposed  lii)  the 
icriter  of  the  Art.  in  the  Encijclopcdia  lirittanica,  the  pro- 
visoheeo)nes  necessanj  '■^  if  ire  can  coneeire  it.''' 

Wlii'tlirr,  li(nvt'v»'i-,  tlio  (liiniuiitioii  he  considered  pro- 
portional to  tlic  eid)t'  or  to  tlic  s([iiare  of"  the  distun(;e, 
the  admission  tliereof  nnist  be  alike  fatal  to  the  theory,* 
as  it  is  set  lorth  in  articles  Slo,  81(),  S17.  The 
case  snpposed  is  that  o\'  alternate  compression  and  ex- 
j)ansion,  of'condensation  and  rarefaction  ;  but  if  it  be  ad- 
mitted tiiat  the  energy  diminishes  because  the  luidnlation 
has  to  occu[>y  a  greater  magnitude,  then  it  follows  that  the 
matter  of  which  the  undulation  consists  must  expand  so 
as  to  occupy  that  greater  magnitude,  and  it  becomes  im- 
possible to  conceive  a  compression  to  take  place  of  its 
particles  of  matter  into  a  smaller  space  which  are  at  the 
same  time  expanding  into  a  greater  space.  .  .  We  are 
called  upon  to  suppose  the  delinite  (piantity  of  niatter,^ 
of  which  the  imdulation  consists,  to  be  undergoing  con- 
densation and  to  be  expanding  at  one  and  the  same  time. 


*  III  rcferciicc  to  this  (iiiiavuiiialile)  ailmissioii.  wo  wuiiiil  .-iii,i2,';4est.  a 
(lucstinti  ...  Wliat  must  liavf  Iiicn  tlic  origiiial  iiiti.'iisity  of  a  wave 
(jr  iiiKhi'atioii  of  solar-liirlit  svliicli  has  comk'  to  ii-^  from  a  distanco  of 
"J5  iiiillioti  iiiiU's,  aial  which  ha8  been  (liy  the  admission)  (liiiiiiiinhiiii^ 
in  iiiteiisitv,  as  tlie  square  of  the  increasing  distance  from  the  centres 
of  projiajration  (i.  >■.  tlie  sun)  ? 
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III  ivf»M-(Mi('i'  io  flic  oxpljiiijitioiis  jiiu]  fuiinmiisoii  of  tlio 
pliciiuiueiia  bcloiiiriiii;'  to  the  wave  iiiidiilatioiis  of  li(iiiiiU 
and  to  tlie.siii)pos(Ml  iiii(liilatioiis  of  rla.stic  fluids,  contained 
ill  the  i»i'ecediii^  ((notation  from  Lardnei-'.s  Natural  IMiil- 
o.sopli)',  it  may  bo  remarked  that  the  a,i,n-ocmont  or  analogy 
hctvveen  tlunn  is  of  that  kind  which  exists,  more  or  less, 
btstween  all  sorts  of  vibrations  and  oscillations;  and  the 
disagn^ement  or  distinctive  dirterence  in  character,  is  that, 
in  the  one,  gravitation  is  the  agent  in  [Mopagating  the  im- 
pulse, and  in  the  other,  the  elastic  pro[»erty  and  compres- 
sibility of  the  Huid  allows  the  supposed  alternate  con- 
traction and  e.\[);insion  arising  from  the  impulse  to  pro- 
pagate the  etlect. 

That  the  undulations  in  the  elastic  fluid,  assuming  that 
such  may   be   pn^pagated  in  the  manner  supposed  and 
that  they  result  in  the  eflect  called  sound,  are  in  fact  of 
an  entirely  distinct  nature  from  the  liquid  waves,  is  quite 
evident,  because  it  is  known  that  sound  may  bo  transmit- 
ted to  a  great  distance  through  water  without  interrup- 
tion or   interferenee  from  the  li([uid  undulations  and  os- 
cillutions  of  the  wave  character,  which  may  be  taking 
[»lace  at  the  same  time  therein.    The  particular  character 
of  the  vibrations  in  the  elastic  medium  which  are  sup- 
posed to  propagate  the  disturbing  impulse  and  to  result 
in  that  eflect  known  as  sound  is  thus  explained  in  the 
Art.  AcoHstks  of  the  Encyclopedia  Brittatiica. 

"  In  order  to  conceive  the  mode  in  which  sound  is  pro- 
}»agated  through  the  air,  let  us  consider  what  takes  place 
w  hen  we  niovt^  a  series  of  balls  ranged  in  a  line  on  a  table, 
or  suspended  by  threads.  If  we  strike  the  one  end  of  the 
line  by  impelling  a  ball  against  it,  it  is  only  the  boll  at 
the  other  end  which  appears  to  be  uffectod.  This  tlies 
off  from  the  rest,  and  leaves  them  ahnost  stationary.  The 
intermediate  balls,  therefore,  serve  merely  to  transmit  the 
impulse  from  the  one  end  to  the  other  of  the  series.  In 
the  same  manner  it  is  that  the  agitation  or  impulse,  from 

which  sound  arises,  is  transmitted  through  the  air.  This  " 
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'*  (lui(l,likr<'V('ry<>tli<'r  l»<t<ly,  consisls  in  nn  inlinitr  niiiiilK'r 
of  liltlr  jtiirliclcs  ;  ii  siiiiilc  scr'u'S  of  wliicli  nuiv  lie  rrnir- 
snitrd  t(»  us  l>y  the  h.ills  in  Hm'  Jihovr  «'\iini|»l<'.  'I'|i«'s«' 
]»!irti('l«'s  iii'c  not  even  in  contiict  with  ciicli  other;  ilicv 
iiiv  sr|iiir!itt'(l  by  ininiitc  intrrviils,  l>nt  .-iic  yet  conni'ctrcl 
tnut'tluT  by  JittiiM'tivc  <ni(l  rcpnlsivj'  furcrs,  wbicb  trnd 
tt»  n'tii'n  tbcni  jicrpt'tiiiilly  in  iM|uilibiinin.  Jn  cmi'v 
ciusc,  tbt'ivlort',  tbrrt'  is  in  ifiility  acliiiin  ol'sncli  piutirU's 
ii'iM'binii  I'loni  I  lie  soundinu  body  to  ilie  ciif.  '1  lie  lornier, 
l)y  its  limitation,  strikes  tlifit  [»iirricl('  wliicli  is  next  to  it, 
the  intennedialc  ones  seive  toronvey  the  inijnession,  and 
the  last  one,  llyiiiiX  nil"  strikes  the  sentient  oi-uaii  of  liear- 
iiiir.  1  h«'  }>rocess  is  exactly  similar  to  that  of  inij>nlso 
alonii  a  series  oi' balls,  only  that  in  the  ease  of  the  air,  the 
internu'dialt'  particles,  instead  of  reinaininu' at  rest,  niov<' 
('a<'h  of  liii'iii  backwards  and  Ibi'wards  by  a  ycyy  niinnte 
inter\al  ;  the  first  coiiiniiinicatiny  itsniotioii  to  (he  second, 
t';e  second  t<»  tlie  thirl,  and  so  on  to  the  last;  each  [)ei"- 
torniiim'  a  sliyht  oscillatory  ino\-enient,  which  ad\aMces 
from  the  beuiiiiiinu'  to  the  end  of  the  series.  "\\'e  now 
s«'e  at  once  the  cause  o['  a  remarkable  and  well-known 
iiict,  that  the  [tropauation  of  sound  is  not  instantaneous  ; 
it  riMjuires  time  to  advance  fr()in  the  sonndinir  l»ody  to 
the  car,  as  is  daily  observed  and  illustrated  in  the  dis- 
charijfc  of  fire-aims.  If  tin;  distance  ho  at  all  considerable, 
a  sensible  interval  is  always  observed  lo  elapse  between 
tlie  Hash  and  the  report.  The  liulit  Hies  almost  instan- 
taneously, but  the  report  is  retarded  aocordinu:  to  the  dis- 
tance; as  is  also  seen  in  other  cases  :  when  we  observe 
the  workmen,  for  example,  cuttiny  up  large  stones  in  any 
(piarry  ;  if  we  stand  at  a  little  distance,  we  see  invariably 
and  distinctly  the  blow  of  tlu'  hammer  on  the  stone  be- 
Ibre  tilt!  sound  reaches  thiM'ar.  'J'liese  and  other  similar 
facts  leav«!  no  doubt  that  sound  advances  only  at  a  certain 
rave,  ami  invariably  re(pures  time  for  its  propagation  ;  and 
t!ie    reason    is,  that  each  al'iial    particle   m   iIh;  chain   of 
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'•  Imt  still  (Icliiiito,  to  jM'iluriii  itso.scill;itioii,aii(I  coinmiiiii- 
ciito  its  motion  to  tlie  rest  ;  and  tliiis  tin'  adviiiice  of  (lie 
agitation  and  of  tlie  sound  is  n-tank-d  ;  and  only  >\vt'«'|>s 
with  a  rt'gidatcd  progn-ssion  along  tliu  line.  Jt  is  not 
tlirongli  one  series  of  jtartirles  merely  that  the  oseillatoiy 
motion  is  eomnnniieatetl.  '"'lie  sonnding  hodv,  havin"- 
every  part  of  it  in  a  state  of  agitation,  generally  aets  all 
roinid  ;  l)iit,  even  tliotigli  it  were  only  to  atf  in  one  diree- 
tion,  the  ini[ndse,  once  hegnn  at  the  centre,  is  pronairated 
in  all  directions  ;  for  thongh  only  one  particle  were  origi- 
nally ad'ected,  so  intimately  were  they  all  comiected 
together  and  nnited  into  a  system  l)y  their  nnitiial  attrac- 
tions and  repnlsi(»iis,  that  this  cannot  advance  in  any  de- 
gree forwai'ds  v\  itliout  allecting  the  parti(deson  eaidi  side  : 
these  alli'ct  what  are  before  and  aronnd  them  ;  and  thns 
the  impulse  is  conununicated,  an<l  dilluses  itself  on  all 
isides.  Thes(!  lateral  ini[>ressions  woidd  appear  to  be 
necessarily  somewhat  enl('<'bled,  yet  it  is  (jia;  remai'kable 
characteristic  of  such  (jscillatoiy  movements,  that,  like 
the  vil>rations  of  a  dist(,'nded  cord,  or  the  oscillations  of  u 
j)endidnm  in  a  cycloid,  they  are  all  performed  in  the 
same  time,  liowever  minute  or  however  extended.  The 
lateral  impressions,  therefore,  though  ever  so  feeble,  are 
yet  transmitted  with  the  same  rapidity  as  the  direct  ;  the 
sound  may  be  weakened,  and  we  often  observe  it  is  so  j 
a  sp«'aker,  for  example,  is  always  best  heard  in  front ;  the 
report  of  a  cannon  is  also  loudest  in  that  direction,  but 
still  the  sound  is  heard  at  Hit,'  very  same  instant  all  around. 
It  is  owing  to  this  dilFusiou  of  the  agitation  in  all  direc. 
tions,  the  original  impivssiun  being  spread  out,  not  mei'ely 
in  concentric  circles  liketlie  waves  in  a  [»ool,  butexpand- 
ing  continually,  if  we  can  conceive  it,  into  a  wider  and 
wider  concentric  sphere, — it  is  owing  to  this  that  every 
sound  decreases  so  rapidly  as  we  recede  from  it,  and  at 
last  dies  away  in  the  distiince." 

The  theory  of  the  transmission   of  the  sonorous  im- 
pulse as  thus  defined  by  the  wi'iter  in  the  Encyclopediu 
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MrittiiiiitM  <lilltTs  vrry  niiicli  rnnii  tlit-  ti'iicliiiiu;  of 
Liii'diuT.  'riicwiivT  iiii!il(»i;v,.*iM(l  tlir  filtcnuilt'  ('((iiijUTSHioM 
jiikI  riirctjiciioii  of  the  cliistic  lliiid,  iir«',  MpitMrciitK,  licrc- 
in  (lisciinlfd,  mid  tlu'  triiiisinissioii  is  r.\|>Iiiiii('d  fo  coiisisl, 
ill  tln'  ('oiiiiiiniiiciitioii  of  iiiolioii  fr»»iii  one  [•.•irlich'  totlio 
next  l)y  ('(Mitiirt  !»i'  iiii|tiict.  This  liyjjorlit'sis  is  iinicli 
iiioH'  siiii|di',  iiiid  is  not  ill  soiiir  ri'spccts  so  obviously  ol)- 
jt't'tioiuihlc  iis  tliJit  stat<'d  by  Liirdncr ;  but  it  docs  not, 
«'X[»Iiiiii  soiiH',  jiiid  is  irn'concilfibic  wirb  other  piirticuliirs 
of  thi' observed  tiiets  ;  for  exfiliiple,  it  is  iif»f  evul.iined  h<Mv 
the  [)heiioiiieii;i  of  iiiferfereii('(>  iire  to  be  jiceoiiiited  fir 
iiii(h'r  this  Iiypotliesis.  'J'he  iiiipiiet-eoiiiniiiiiiciitioii,  .'ind 
tr.'iiisiinssioii  of  the  iiii[)iilse  from  ])iirti(de  to  |>!irti(de,  is 
.siippostd  to  ripply  ;ilso  ,-ind  in  like  niiiniier  to  hcpiids  niid 
to  such  solids  iis  are  capable  of  traiisniittiiiy;  soiiikI. 
Notwithstanding  the  inelasticity  (tf  water,  it  is  found  to 
be  a  yooil  conductor  of  soniid.  "It  a|)pears  from  the 
experiments  of  M.  (\dlodeii,  at  (Jeneva,  that  sounds  are 
transmitted  thronuh  the  water  to  ijreat  distances  with 
greater  force  tliaii  thronuh  air.  A  blow  struciv  under 
the  water  of  the  Lake  of  (icneva  was  distinctly  beard 
across  the  whole  breadth  of  the  Lake,  a  distance  of  nine 
miles.'' 

]\\  111(11/  lirrc  /((kcfhr  (>p})(»iinnfif,  (dso,  to  niiiiirk  the  liij- 
pothcticdl  dvfinit'ioits  conlaincd  in  the  srrcrfd  fcynis  usid  ht/ 
f cache r.i  to  denote  the  Inqndses  in  comicctio}/  with  fhejHofi'tl 
e.qdunatlons  which  frcfjiientlii  (ireompanij  their  use,  e.f/.,  un- 
dtdations,  ivtivcs,  vibrations,  tvavc-lengths  of  the  cihrations, 
or  of  the   osrdtations,   hmjdHdinal  osciUating  motions  of 
the  particles  of  ether;   transverse  oscillating  motions  of  the 
particles  of  ether,  dr.  .  .  .  we  wonld  suggest  whether  a  care- 
ful examination  might  not  show  that  herein  we  have  an  at- 
tempt to  combine  together  the  discordant  elements  of  two  or 
three  distinct    theories,   neither  of  which  will  bear  to  be 
distinctly  stated  and  examined  separately  on  its  own  merits. 
Hence  a  general  mystification   and  vagueness  which  assists 
to  increase  the  ai}i>arcnt  abslruscness  and  xwofundity  of  the 
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sxhjnf.  XofltlH;/,  ur  hini/ sqfrli/  s/ii/,  Is  woir  to  hr  distt-xstrd 
ill  a  simiiil  scif'iitijic  sense,  than  a  (/iron/  ivhirh  icill  not 
hrar  to  he  (te/initel//  an, I  (listiiirtti/ stated,  and  wliic/i,  in  its 
most  simple  and  (/encml  ajiplieation  heeonies  unintelliijible. 
A  lif/iii<f-n-are  is  snper/ieiid  and  dependent  tipon 
gmrltafion,  nnder  t/ie  injhienee  of  w/iieli,  the  niol>ili(if  of  the 
partieles  of  liquid  adinittimj  of  sneh  efeet,  the  desecnt  of 
certain  particles  causes  the  ascent  of  an  cijiial  nnndier;  the 
vertical  deoiation,  (heif/ht  and  depth  of  the  irare)  hvinei  con- 
Jined  to  a  limited  distance  ahm-e  and  heloiv  the  horizontal 
surface  of  the  Vapiid.  In  the  vihration  of  a  strliuf,  the  ex- 
tent ofthedcciationsfrom  the  straii/ht  line  contained  between 
the  fi'^o  extremities  of  the  string  (i.e.  of  the  vibration)  is  con- 
fined tr  a  very  limited  distance  bi/  the  molecular  cohesion 
(or  mat  aal  cd  tract  ion  of  the  partieles).  In  each  of  these 
cases  the  result  is  the  infellif/ible  effect  of  a  recoijnized  cause; 
hid  in  the  hifpothetical  alternate  expansions  and  contractions 
qfacertain  small  portion  (fan  elastic  ff  aid,  propai/afinr/  itself 
fhroiif/h  the  balk  of  that  Jiniil  to  (prat  distances  and  keepinrj 
dself  distinct  therefrom,  n'ehare  an  nnintellif/ible  supposition, 
or  an  arbitrary  and  unreasonable  assumption,  because  no 
inlelliyible  cause  can  be  assiyned  for  the  supposed  limitation 
of  the  effect.  Whoi  the  expansion  commences  irhydoes  it  not 
continue  ?  What  is  there  to  determine  a  limit  ?  Let,  for 
example,  a  small  rjaanfify  of  compressed  ether  be  infcfed 
into  space,  what  is  there  to  prerent  the  continued  and  aniin- 
peded  expansion  of  that  small  t/aanfity  until  d  becomes  as 
attenuated  as  that  which  surrounds  it  f  Why  should  it 
expand  and  contract  alternately  f  Or,  if  the  particles  of 
ether  arc  supjiosed  to  oscillate  and  to  make  excursions  to 
and  fro;  why  should  they  so  oscillate  ?  Jfariny  commenced  to 
move  in  the  one  direction,  ichat  is  there  to  impede  the  contin- 
nnis^  mitlon  of  the  particles  in  that  direction?  What  fact 
or  natural  law  is  there  to  support  and  render  infcUiyiblc  the 
assumption  f 

Tlio  following  quotation  from  Lardner^s  Katund  Phil- 
osophy contains  tiio  notice   of  certain   of  the  observed 
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facts  belonging,   more    partieularly,    to   the    seieuee   of 
Aconsties. 

S'2\.  ^^  Prcsruer  of  oir  lurrsstari/  to  fJw  prodticiiou  of 
sound. — Tliiit  the  pn>sence  of  air  or  other  eoiKluetiiig 
niedinni  is  indisprnsable  for  tlie  prixhiction  of  sonnd,  is 
proved  by  the  following  experiment. 

Let  a  snuUl  apparatns  ealled  an  alarum,  consisting  of 
<'i  bell,  the  tonuiie  of  whieh  is  i><»v('rned  bv  a  strinu',  bo 
placed  under  the  receiver  of  an  air  pnnip,  tinough  the 
top  of  which  a  rod  slides,  air-fight,  the  end  of  tlie  rod 
being  connected  with  a  d»'tent  which  governs  the 
motion  i)f  the  tongue  thronuh  the  intervention  of  the 
string.  This  rod  can,  by  a  handle  plai'« d  outside  the 
receiver,  be  made  to  disengage  tlie  string,  so  as  to  make 
the  Ix'll  within  it  rinu'  whenever  it  is  desired.  This 
arranu'ement  l)eing  made,  and  the  alai'um  heing  placed 
outside  the  receiver,  upon  ,1  soft  cushion  of  wool,  so  as 
to  prevent  the  vibration  from  being  connnunicated  to 
the  pump-plate,  let  the  receiver  be  exhausttul  in  the 
the  usual  way.  \N'hen  the  air  lias  been  willidrawn,  let 
the  bell  be  made  to  ring  by  means  ot"  the  sliding  rod. 
No  sound  will  l)e  iieard,  althouuh  the  percussion  of  the 
toKgue  upon  the  Itell,  and  the  vibration  of  the  bell  iiself 
are  visil)le.  Now  if  a  little  ;iir  be  admitted  into  the 
receiver,  a  faint  sound  will  begin  to  be  lienrn,  and  tin? 
sound  will  become  gradually  loiuler  in  [tro[)(Mlion  as  tlie 
air  is  gradually  readmitted. 

In  this  case  tiie  \i])ratious  which  distinctly  act  upon 
the  ear  are  not  thos«'  ot'the  iiir  c(tnlained  in  the  receiver. 
These  latti-r  act  upon  the  receiver  itself  and  tht>  pump- 
plate,  producing  in  them  sympathetic  \  il)ration  ;  and 
those  viluations  im[>art  \  ibrations  to  I  he  external  air 
which  are  transitiitted  to  tiie  e;n'. 

It"  in  the  precediu!:  experiment  ,1  cushion  had  not  been 
inrerpos.'d  between  the  ,d  inim  and  the  pump-idate,  the 
sound  (»!'  the  bell  would  have  l)een  audible,  iiotwith- 
standinu'   the  idseuce   of  air   l'r«.m  the   re<'ei\ei-." 
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"'  Tliu  vilniilioii  ill  tliisr'iisc  would  have  hern  proj);!- 
iratcd,  llrst  from  thr  Ix;!!  to  the  piiiii[)-[)l;i.t(!  iiiid  to  lliti  bo- 
dies in  cout.u't  with  it,  jiiid  tliiMice  to  tlio  t'xternal  air." 

S*J:i.  "  ^1  confiuiWKs  hoihj  of  nir  nnt  ncccssiir!/. — l\M'sons 
shut  n[)  ill  a  cdosc  room  arc  .sciL-siblt'  of  sounds  product'il 
Ht  a  distance  outside  such  room ;  and  they  may  bo 
ecjually  sensible  of  thest',  even  though  the  \,  indows  and 
doors  shouhl  be  absolutely  air-tight.  In  such  case  the 
unduhitions  of  tlu;  external  air  i)ro(hice  sympathetic 
vibration  on  the  windows,  do(»rs  or  walls  by  which  the 
hearers  are  enclosed,  and  then  produce  corresponding- 
vibrations  in  the  air  within  tlu^  room,  by  which  the  organs 
of  hearing  are  immediately  allected." 

b'2''i.  ^'  J.*r(i})(i(j(ifioii  of  soHn<l  pnt(jr('s^iri'. — Let  a  series 
of  observers,  .1.  Jl.  C.  Scr.,  be  placed  in  a  line,  at  dis- 
tances of  about  1000  feet  asunder,  and  let  .;  pistol  bo 
discharged  at  J',  about  1000  feet  from  the  first  obser- 
ver. 
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This  observer  will  see  the  Hash  of  the  pist»d  about 
one  second  before  he  lu;ars  tlu;  n'port.  The  observer  />. 
will  hear  tlu^  report  oik;  second  after  it  has  l)een  heard 
by  ^1.  and  about  two  seconds  after  he  sees  the  Hash.  In 
the  saiiK?  mam  i  Me  third  observer  at  (\  will  hear  the 
vt'port  one  second  after  it  has  been  heard  by  tho  obser- 
ver at  Ji.  and  two  s«'conds  after  it  has  been  heard  by  the 
observer  at  A.  and  three  seconds  after  he  perceives  the 
Hash.  In  the  same  way,  the  fourth  ol>siM'ver  at  /).  will 
he.".r  the  report  one  si.'cond  later  than  it  was  heard  by  the 
thinl  observer  at  (J.  and  thre*;  seconds  later  than  it  vva.s 
lieard  by  the  observer  at  A.  ami  four  seconds  after  ho 
perceives  the  Hash. 

Now  it  must  be  observed,  that  at  tli«'  moment  tlio 
report  is  heard  by  the  second  (»j)server  at  />'.  it  has  c<'ased 
so  be  audible  to  the  first  observer  at  J.,  and  when  it  is  " 
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"  licanl  1)}'  tlie  tliird  oltscrvor  at  C.  it  lins  c('jised  to  he 
Inward  by  the  second  observer  at  7?.,  and  so  Ibrtli.  It 
follows,  therefore,  from  tliis,  that  sound  passes  thron  h 
the  air,  not  instantaiK'onsly,  but  progressively,  and  at  u 
nuiforni  rate." 

824.  ^^lirradfJi  of  sonorous  wares. — As  the  sensation  of 
sound  is  produced  by  the  wave  of  air  impinging  on  the 
membrane  '"of  tiie  ear-drum  exactlv  as  tlie  momentum 
of  a  wave  of  the  sea  would  strike  th«'  shore,  it  follows 
that  the  interval  lietween  the  production  of  sound  and 
its  sensation  is  the  time  which  such  a  wave  woidd  take 
to  pass  through  the  air  from  the  sounding  body  to  the 
ear  ;  and  since  these  waves  are  j)ropagated  through  tlie 
air  in  regular  snccessi(»n,  oiu»  following:  another  without 
overlaying  each  other,  as  in  tlie  cav^e  of  waves  upon  a 
liquid,  the  l)readth  of  a  wave  may  always  be  determined 
if  we  take  the  number  of  vilirations  which  the  soimding 
body  makes  in  a  second,  and  the  velociry  witli  which  the 
sound  passes  through  the  air.  If,  for  exani[de,  it  be 
known  that  in  a  second  a  musical  string  makes  500 
vibrations,  and  tliat  the  sound  of  this  string  takes  a 
s^'cond  to  reach  the  ear  of  a  p(>rson  at  a  distance  of  1000 
feet,  tliere  are  oOO  waves  in  the  distance  of  1000  feet, 
and  conseciucntly  eacii  wave  measures  two  feet. 

The  velocity  of  tlie  sound,  therefore,  and  the  rate  oi 
vibration,  are  alwavs  sufhcient  dala  bv  which  the  lenuth 
of  the  sonorous  wave  can  be  computed.'' 

S'Jo.  "  T)is(i>tefioii  hctirccn  nmsiad  soioids  and  ordinar';; 
S'lKiids. — It  has  not  been  ascertained,  with  any  clearness  or 
c^M'tainty,  by  what  physical  distirctions  vil)rations  wliich 
produce  common  sounds  or  noises  are  distinguislu'd  from 
such  as  produce  musical  sounds.  It  is  nevei*tlieless  cer- 
tain, tliat  all  vilirations.  in  proportion  as  they  are  regular, 
nnifonii  and  e(|ual.  produce  sounds  proportionably  more 
agreeable  and  musical. 

Sounds  arc  distinguislied  from  ea«h  otlier  l)y  tlieii 
pitch  of  tone,  in  virtue  of  whic'.  tiu'y  are  liigh  or  low  :  **" 
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'^  by  flioir  intensity,  of  wliicli  tlioy  are  loud  or  soft  ;  i\rn\ 
by  a  property  cxpnissed  in  Freiicli  by  the  word  timhrr, 
whicli  we  shall  herj  adopt  in  the  absence  of  any  English 
equivalent." 

82G.  "  Fitch  of  a  soimd. — The  pitch  or  tone  of  a  sound 
is  grave  or  acute.  In  the  former  case  it  is  low,  and  in 
the  latter  high,  in  the  musical  scale.  It  will  be  shov^'n 
hereafter  that  the  physical  condition  which  determines 
this  property  of  sound  is  the  rate  of  vibration  of  the 
sounding  body.  The  more  rapid  the  vibrations  are,  the 
more  acute  will  be  the  sound.  A  bass  note  is  produced 
by  vibrations  much  less  rapid  than  a  note  in  the  treble. 
But  it  will  also  be  shown  that  the  length  of  the  sonorous 
wave  depends  on  the  rate  of  vibration  of  the  body  wiiich 
produces  it :  tlie  slower  the  rate  of  vibration,  the  longer 
will  be  the  wave,  and  the  more  grave  the  tone.  All  the 
vibrations  which  are  performed  at  the  same  rate  produce 
waves  of  equal  length  and  sounds  of  tiie  same  pitcli." 

827.  ^^  Intensify  or  Loudness. — The  intensity  of  a  sound 
or  its  degree  of  loudness,  depends  on  the  force  with  which 
the  vibratiojis  of  the  sounding  body  are  niad<',  and  conse- 
quently upon  the  degree  of  condensation  j)roduc(>d  at  the 
middle  of  the  sonorous  wave.  Waves  of  e(|ual  leiigtli,but 
havinji  different  deirrees  of  condensation  at  their  centre, 
will  produce  notes  of  the  same  pitch,  but  of  difU'rent 
degrees  of  loudness,  in  proportion  to  such  degrees  of  con- 
densation." 

828.  "  Tinihre  of  a  sonnrl. — The  timbre  of  a  sound  is 
not  easily  explained,  and  still  less  easily  can  thi;  physical 
conditions  on  which  it  depc'iids  be  ascertained.  If  we 
hear  tiie  same  musical  n<»te  produced  with  the  same 
degree  of  loudness  in  an  adjacent  room  successively  u[)on 
atiute,  a  clarionet,  and  a  hautboy,  we  shall,  without  the 
least  hesitation,  distinguish  the  one  instrument  from  the 
otlier.  T^ow,  this  distinction  is  made  by  observing  some 
])eculiarity  in  the  notes  produced,  yet  the  notes  shall  be 
the  same,  and  be  produced  with  equal  loudness.     This  " 
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"  pn>(»('rty  by  wliicli  tlie  one  sound  is  distinguislietl  from 
the  other,  is  called  the  timbre." 

S'J';).  ^'  All  sounds  jtroiiiifjutcil  icithfhc  same  irlocif}/, — All 
sounds,  whatever  be  their  pitch,  intensity,  or  timbre,  are 
propauated  through  the  same  juedium  with  the  same 
velocity.  That  this  is  the  case,  is  manifest  from  the 
absence  of  all  confusion  in  the  etl'ects  of  music,  at  what- 
ever <listance  it  may  be  heard.  If  the  ditferent  notes 
imultaneously  [uoduced  by  the  various  instruments  of 
an  oreh(.'stra  moved  with  diHercnt  velocity  through  the 
air,  they  wouhl  be  heartl  by  a  distant  auditor  at  ditferent 
moments,  the  consecjuence  of  wliich  would  be,  that  a 
musical  performance  would,  to  the  auditors,  save  those 
in  innuediate  proximity  with  the  performers,  produce 
the  most  intolerable  confusion  and  cacophony  ;  for,  ditfer- 
ent notes  produced  simultaneously,  and  which,  when 
heard  together  form  harmony,  would  at  a  distance  be 
heard  in  succession,  and  sounds  produced  in  succession 
would  be  heard  as  it'[)roduced  together,  according  to  the 
dill'erent  velocities  with  which  each  note  would  pass 
through  tiie  air." 

b'-W.  '■'■  Exjiifhiiciits  i)H  tin;  iclocili/  of  sound. — The  velo- 
city ol" sound  varies  witlilhe  elasticity  of  the  medium  by 
which  it  is  [U"o[>agated.  Its  \rlocity,  tiierefore,  through 
till'  air,  will  \ary,  more  or  less,  with  tiie  bar«>met*'r  and 
thermometer. 

'I'he  «'Nprriu'',  iii.d  meihods  which  have  been  adopted 
to  ascertain  tin-  vehtciiy  of  sound  are  similar  in  principle 
to  those  which  have  been  briefly  noticed  by  way  ot  illus- 
tration. The  most,  «'\teusive  and  accurate  system  of 
♦'xperluieiits  whieji  liave  been  made  with  this  object  were 
those  iiiiide  at  I'aris  by  the  I'xiard  of  Longitude  in  the 
vear  f-^*.'".*.  The  siMiinliug  bodies  used  (Mi  this  oeeasiou 
were  pieces  ol  artillei'V  charged  with  from  two  to  three 
pounds  of  powder,  whieli  were  placed  at  \'illejuil  and 
iMontliu'rv.  'I'iie  experinienls  were  made  at  midniiilit,  in 
.order  tiiat  the  Hash  mii^iit  be  more  easih' and  accuratelv  "' 


PHOI'EUTIKS    OF    SOUND. 


41 


*'  noticed.  They  were  ccnulucted  l)y  ]\Ij\I.  Pioiiy,  Anigo, 
!>rathieu,  IIuinl)olilt,Gay  Lussac,  and  Boavanl.  The  result 
of  the  experiment  was  that,  when  the  barometer  was  at 
29.8  inches,  and  the  thermometer  at  Gl",  the  velocity  of 
sound  was  lil8.;J9  feet  per  second. 

liy  calculation  it  is  ascertained,  that  at  the  temperature 
ofoO'-,  tiie  velocity  would  be  1  lOG.oS  feet-  p«'r  second; 
and  at  -i^^,  the  velocity  would  be  lOSG.:}/  feet  i>er  se- 
cond. 

Tiius  it  appears  tliat  between  oO^  and  Gl'^,  the  velocity 
of  sound  increases  about  1.07  feet  per  second  for  eveiy 
degree  which  the  thermometer  rises,  and  betwen  oO"-'  and 
3:2^',  it  increases  at  the  mean  rate  of  1.1:2  feet  per  second 
for  each  degree  in  the  rise  of  the  thermometer." 

S'-M.  '^  Method  of  esUmatuif)  the  disfaita:  of  a  soidhIuxj 
hodji  by  iiiocihj  of  soiuid. — The  velocity  of  sound  being 
known,  the  ilistance  of  a  sounding  body  can  always  be 
computed  by  comparing  the  moment  the  sound  is  pro- 
duced witii  the  moment  at  which  it  is  heard.  The  pro- 
duction of  sound  is  in  many  cases  attended  with  the 
evolution  of  light,  as,  for  example,  in  lire-arms  and  ex- 
plosions: generally,  and  in  the  case  of  atmospheric  elec- 
tricity. In  these  cases,  by  noting  the  interval  between 
the  Hash  and  the  report,  and  multiplying  the  number  of 
seconds  in  each  interval  by  the  mnnber  of  feet  per  second 
in  the  velocity  of  sound,  the  distance  can  be  ascertained 
vvitii  great  precision.  Thus,  if  a  Hash  of  lightning  be 
seen  ten  seconds  belbre  the  thunder,  which  attends  it,  is 
heard,  and  the  atmos[»here  be  in  srch  condition  that  the 
velocity  of  soinid  is  1  I:i()  teet  per  second,  it  is  evident  that 
the  distance  of  the  cNmkI  in  which  the  electricity  is 
evolved  must  be  I  l,::>()0  feet. 

Among  the  mimerous  discuscrii's  be(|ueatliiMl  to  the 
world  by  Newton,  was  a  calculation,  by  theory,  of  the 
velocity  with  which  sound  was  piopagated  through  the 
air.  This  calculation,  based  u[>(Ui  the  elasticity  and 
temperature  ol  the  air,  gave  as  a  result  about  one  sixth'' 
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''  less  tliau  that  wliicli  ivsiilted  from  ox])oviiiKMits.  Thi;* 
discn^pancy  n'maiiu'd  without  satisfactory  pxplaiiation 
until  it  was  solved  by  Laplace,  who  showed  that  it  arose 
from  the  fact  that  Newton  had  ueirlected  to  take  into 
account,  in  his  computation,  the  eflect  of  the  heat  deve- 
loped and  absorbed  by  the  alternate  conipn'ssion  and 
rarefaction  of  the  air  produced  in  the  sonorous  undula- 
tions. Laplace  takinir  account  of  these,  gave  a  formula 
for  the  velocity  of  sound  which  corresp(nids  in  its  results 
equally  with  experiment." 

8:^2.  "  All  (jdsrs  and  vapours  ramhirt  aoand.  Experi- 
mcntal  illnstrafions.  As  all  el.istic  fluids  are,  in  connnon 
vvitli  air,  susceptible  of  undulation,  they  are  eciually 
capable  of  transmitting  sound.  This  may  be  rendered 
experimentally  evident  by  the  following  means.  Let  the 
alarum  be  placed  under  the  receiver  of  an  air  pump,  as 
already  described,  and  let  the  receiver  be  exhausted.  If, 
inst<'ad  of  introdiu'ing  atmospheric  air  into  the  receiver 
we  introduce  any  other  elastic  fluid,  the  sound  of  the 
alarum  will  become  gradually  audible,  according  to  the 
((uantity  of  such  fluid  which  is  introduced  luider  the  re- 
ceiver. If  a  drop  of  any  lirpiid  which  is  easily  evaporated 
be  introduced,  the  atmosphere  of  va[)oiir,  which  is  thus 
prodiu'ed,  will  i\Uo  render  tiie  alarum  audible." 

S;}:}.  "  TIa-  iitfriisifi/  of  a  soioid  Incrcasi's  ivifli  the  dcnsifff 
of  tin-  jtropafiafnifi  nicdinm. — The  same  sounding  body  will 
produce  a  louder  or  lower  sound,  a<'cording  as  the  density 
of  the  air  which  surrounds  it  is  increased  or  diminished. 
In  the  experiment  already  explained,  in  which  the 
alartun  was  placed  unch'ran  exhausted  r«'ceiver,  the  sound 
increased  in  loudness  as  more  antl  more  air  was  admitted 
into  tin'  receiver.  If  the  alarum  had  be«Mi  ])laced  under 
a  condensi'r,  and  highly  compressed  air  collecte<l  round  it, 
tiie  soiuitl  would  have  been  still  further  increased.  When 
persons  descend  to  any  considerabh'  de})th  in  a  diving- 
bell,  the  atmosphere  around  them  is  com[)ressed  by  the 
weight  of  till'  cohnnn  of  water  above  them.     In  such  '* 
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•'circumstances,  a  whisper  is  almost  as  loud  as  the  common 
voice  in  the  open  air,  and  when  one  speaks  with  the 
ordinary  force,  it  produces  an  effect  so  loud  as  to  be  pain- 
ful.* On  the  sunnnit  of  lofry  mountains,  where  the 
barometric  cohnnn  falls  to  one  half  its  usual  elevation 
and  where,  therefore,  the  air  is  higldy  rarelied,  sounds  are 
greatly  diminished  in  intensity.  Persons  who  ascend  in 
balloons  find  it  necessary  to  speak  with  nuu'h  greater  ex- 
ertion, and  as  would  be  said  louder,  in  order  to  render 
themselves  audible.  When  Saussiirt;  ascended  Mont 
Blanc,  he  found  that  the  rcpoit  of  a  pistol  was  not  louder 
than  a  common  cracker."! 

S:37.  '^  Exper'nHcntid  illns/nilioii  of  iiUcr/eirnce  of 
sonnd. — This  phenomena  of  interference  may  be  pro- 
duced in  a  striking  manner  by  means  of  the  common 
tuning-fork,  used  to  regulate  the  pilcli  of  musical  instru- 
ments. 

Let  A,  and  B.,  Fig.  21'^,  be  two  cylindrical  glass  ves- 
sels, hehl  at  i  ight  angles  to  each  other, 


A 


jj 


^^^  and  let  the  tuning-fork,  after  it  has 
been  put  in  vibration,  be  held  in  tlie 
middle  of  the  angle  formed  by  their 
mouths.     Although,  under  such  cir- 


^A 


•  IJut,  is  this  the  etl'oct  as  visually  ex]ioiMeiiecJ  ?  Wc  have  some 
recollection  umler  such  oiivniitstiiiu'es,  of  a  sensation  oroj)pressii)n 
in  tlie  cars,  ami  as  of  a  continued  peculiar  noise,  accompanied  with  a 
considcrahlc  difiiculty  in  hearing  any  nne  speak. 

t  These  instances  are  jriven  as  evidences  in  support  of  the  propo- 
sition that  tlie  transmitting  or  propagatini:  capaliilily  of  the  elastic 
fluid  increases  or  decreases  accordinir  to  tiie  increased  or  decreased 
density  of  the  lluid.  Ihit  they  do  not  in  themselves  furnish  any  con- 
clusive evidence, because  theell'ects  noticed  may  be,  witheipial  probabi- 
lity, attributed  to  another  cause.  Tli"  necessity  for  greater  exertion  in 
the  balloon  may  arise  from  a  ditliculty  in  speaking  instead  ofadiiliculty 
in  hearing;  and  again,  if  the  noise,  in  quantity  of  souml,  be  depen- 
dent on  the  concussion,  the  rarefaction  of  the  air  would  diminish  the 
violence  of  the  concussion  [occasioned  i»y  the  explosion]  in  firing  the 
pistol,  and  consecpiently  less  noise  or  quantity  of  sound  would  be  \n-'j- 
\  uced. 
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'^  rniiistanros,  tlio  vilii'iitioii  of  tlio  tnniiiir-fork  will  bo  im- 
parted to  rlio  coliirmis  of  air  iii('lii(l<'<l  within  the  two 
f'vliinlcrs,  no  sound  will  bo  hoard  ;  but  if  oithor  of  the 
cylindors  bo  roniovod,  the  sonn<l  will  be  distinctly  audible 
in  tho  otlior.  In  this  caso  tlu?  silonco  ]M-odu('od  by  the 
('(>nd)inod  sounds  is  tht»  oonso((uon('o  of  intorforonoo. 
Another  oxamjdo  of  this  phcMionionon  ma}'  bo  produced 
bv  tho  tuninij-fork  itself.  If  this  instrument,  after  boiiiG: 
jHit  into  vibration,  be  hehl  at  a  uroat  distance  from  the 
oar,  and  slowly  tin-nod  roinid  its  jixis,  a  position  of  the 
in'oiitrs  will  Ijo^foinid  at  which  tho  scnnid  will  become 
inaudible.  This  position  will  correspond  to  tin-  points 
of  interference  of  the  two  systems  of  undulation  propa- 
iiatod  from  tho  two  [>i'on<is." 

8"]s.  "  I\.i(nii}il('S  (if  soin/ds  propriffafcd  hij  soJlds. — 
Solids  which  possess  elasticity  have  likewise  tho  power  of 
]U'opanatinu'  sound.  Jf  tho  end  of  a  beam  composed  of 
any  s(did  possossinu  elasticity  bo  liuhtly  scratched  or 
rubbed,  tho  sound  will  be  distinct  to  an  oar  placed  at 
tho  other  end,  althouuh  the  same  sound  would  not  bo 
audible  to  the  oar  of  tho  person  who  produces  it,  and 
who  is  continuous  to  tho  place  of  its  oriuin.  Tho  eaitli 
itself  condn<'ts  sound,  so  as  to  ivndor  it  sensible  to  the 
car  when  the  air  tails  to  do  so.  It  is  wtdl  known,  that 
tho  approach  of  a  troop  of  horses  can  be  hoard  at  a  dis- 
tance by  })utting  tho  oar  to  the  ground.  In  volcanic 
countries,  it  is  said  that  the  rmid)ling  noise  which  is 
usually  the  proirnostic  of  an  eru[)tion  is  fu'st  heard  ])y 
the  boasts  of  the  liold,  because  their  cars  are  generally 
near  tho  gromid,  and  they  then,  by  their  agitation  and 
alarm,  give  warning  to  the  iidiabitants  of  the  approaching 
catastrophe.  Savage  tribes  are  well  known  to  practise 
this  method  of  ascertaining  the  approacdi  of  persons  from 
a  groat  distance. 

Tiie  velocity 'with  whit'h  sound  is  pro}>agated  through 
diHerent  modiii  \aries  with  their  dillorent  physicid  con- 
ditions." 
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'^  In  the  following  tiibh;  an;  irivcn  t«'li  vclocilics  with 
which  sound  is  i)n)pii,i,^'it«'(]  through  tho  scvenil  h(|iii(ls 
therein  named,  tlie  temperature  heiiitr  •'30'-'. 


Names. 

Specilic 
Brnvity. 

.712 

.7'J.-> 

874 

,M70 

l.i'do 

13  r,i4 

1  403 

Conipresslhillty 
under  one  atMn)sp|i. 

in  inillionth.'tor 
primitive  Volume. 

Velocity    of 
xound  in 
fi  et  per 
second. 

Siil|j|iiiric  f'tliiT 

Alcohol 

lai  3;-, 

111  !l'» 

-4  -ir, 

71   3-) 
47.-'. 

3.;i.s 
30  i>r, 
3s.or, 

3.4'1t 

3  7IIIJ 
3.834 
4.1*! 

4  7t;7 
4.xii!) 
5.  (130 
(5.044 

U v(lrochl(»ric  ether. 

Khsoiico  of  tur|)eiitliio 

Muter 

Jlerctiry 

>iltrlc  aoifi 

Water  of  Ammonin  (saturated). 

&4(). 

'J\M!LK 

K  A  M  KS. 

Volocities  (tliat  tliron;(li  Air  bi'ing  1.) 

AVli;il(»b(iiit' 

..  . . 

Silver 

Walnut,  and  other  Horts  of  wood 

1(1  (Uj 

Tobacco  i)ii)es 

V2(K) 

Copper , .  • 

1*)-fUt 

■\\i)()d-l'i  arand  Ucd-beech 

l'2r,(» 

do    Muple 

.  .     .       i:j.;j:j 

do    .Miiliogauy,  IJirch,  ,tc. .. . 
do    I'liicund  Willow,  &c 

1440 

lli  (Kl 

(il;is8,  Iron  and  Stec'l  

Tin  

7-50 

8H.  '^  Effrds  of  clasticifi/  of  air. — The  velocity  with 
wliich  so-iiid  is  transmitted  throii-rh  the  air  varies  witli 
its  elasti'ity;  and  wliere  dilH-rent  strata  are  rendenid 
differently  elastic  by  the  unequal  radiation  of  heat,  the 
agency  of  electricity  or  other  (iaiises,  tlui  transmission  of 
sound  will  be  irregular. 

"In  passing  from  stratum  to  stratum  ditlering  in  elas- 
ticity, tlie  speed  with  which  sound  is  propagated  is  not 
only  varied,  but  the  force  of  the  intensity  of  the  undtda- 
tion  is  diminished  by  tlie  combined  etVect  of  retlection  and 
interference,  so  that  the  sound,  on  reaching  the  ear,  after 
j)assiiig  through  such  varying  media,  is  often  very  much 
diminished.  The  fact,  that  distant  sounds  are  more  dis- 
tinctly heard  by  night  than  by  day,  may  he  in  part  ac- 
counted for  by  this  circumstance,  the  strata  of  the  atnios- 
]ihere  being,  during  the  day,  exposed  to  vicissitudes  of 
temperature  more  varying  than  during  the  night." 
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"^  \'i,  *■  llmf's  r.ipfriilli  i/f  iH/  ilirrclilfii'c  rrloci/ics  of  sninid 
/I)  (lir  (iiiil  iiichd. — Tlif  rrhitivc  vr  loci  tics  of"  .soiiikI,  jis 
tniiisiiiitt*!*!  l>y  air  iiimI  iiicial,  art'  illiistnitod  by  tin;  fol- 
lowiiiii  rciiiaikahlc  ('.\|»('iiiii('iit  (tl  JJiot  : — A  bell  was  siis- 
jx'iidfd  at  the  centre  of'tlie  iiioiith  of  a  liu^tiil  tilbo  ;]()0() 
leer  'luim,  and  a  riiiyof  metal  w.is  at  tins  same  time  [ilai^'d 
(dose  to  the  metal  torminjj;  ilie 'iioiitli  of  the  tube,  so  tbat 
wlic'ii  the  fiiiu'  was  sounded  its  vibi'ation  miylit  allect  tlie 
metal  of  the  tube,  and  when  the  bid!  was  sonndi'd  its 
\ibiiition  ndsiht  allect  oidy  the  air  iniduded  within  tbti 
tube.  A  hammer  was  so  ada[ited  as  to  strike  the  riMi>' 
{Old  the  b(dl  sinndtaneonsly.  ^\'lu'll  this  wasdoiie,  an  aiv 
placed  at  the  remote  end  of  the  tube  heard  the  sound  of 
the  rinir,  and  after  a  considerable  interval  lu'ai'd  the  sound 
of  the  bell."'* 

^|:i.  ''  ('/ila(h/i's  c.ijicr/iiifiif  on  Jicnrin(f.--T]\{i  solids 
comprising  the  bod}^  of  an  animal  are  capable  of  trans- 
mitrinu  the  sonorous  imdidations  to  the  origan  of  heariuy, 
even  though  tin;  air  surrounding  that  (U'gan  be;  excluded 
from  cmmiiunicatinif  with  the  origin  of  the  sound. 
( 'hladni  showed  that  two  persons  stopping  their  ears 
could  converse  with  each  other  by  holding  the  same  stick 
ln'tween  their  teeth,  or  l)y  resting  their  teeth  ui)on  the 
same  solid.  The  same  ellect  was  produced  wduui  the 
sti(d\,  is  pressed  against  the  breast  or  the  throat,  and 
other  [»arts  o(  the   botly.      If  a  {lerson  speaks,   directing 


•  111  tlu'art.  Ac  luetics  ol'tlic  I'liicyclDpo'lia  Britivnnicii tlio  l('nu;tli  of 
tlio  pipes  in  stfitcil  iit  'i').')!)  li'd.  From  u  iiii'im  of  two  luimircl 
tii;ils  tlif  iiitcrviil  ln'twoL-ii  the  two  .suiimls  was  tijiunl  to  bo  2.7i)  ae- 
(jumis.  The  art.  coiitiimes  :  ''  H\it  the  transiiii.s.sioii  nfsoiniil  tliruugh 
th(.'  internal  column  of  air  woulil  have  taken  2.5  Heconds ;  whieli 
leaves  .29''  for  the  rapidity  of  the  tremor  eoiiihiete<I  throii;^h  the  cast- 
iron."  There  ia  ohvioiisly  Home  mistake  in  this  statement;  tlic 
interval  betweei'  the  soiuuls  must  be  a  part  only  of  the  whole  time 
orcui>i(''l  in  the  transn\ission  through  tiie  iiitt'rnal  column  of  air.  It 
wa^  afterwanls  coiicluileil  that  the  coniluctioii  (or  transmission) 
through  the  iron  oecupieil  ten  to  twelve  time.-!  less  time  tliau 
througli  the  atmosphere. 
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liis  iiioiitli  into  ii  vesH«'l  ('((inposcd  of  any  vihiatorv  sitlj- 
staiice,  sucli  as  olass  or  |H»iTrla<ii,  tlio  otlirr  .stojtpint:  his 
ears,  and  toucliing  sin-ii  vt'sscl  with  a  stick  held  bo 
tvvt'cii  his  tiM'th,  \\v  will  hear  tlio  words  spokon. 

The  sann'  clUrt  will  take  place  with  vessels  composed  of 
metal    or    wooil.     If  two    persons    hold    between   their 
tci'th   the  same  thread,   stopping   tiieir   ears,   they  will 
hear  each  other  sjieak,  iirovided  the  thread  be  stretched 
tiiiht." 


TIIK  UNDULA'njKV  TIIKOUV  OF   LKillT. 

We  will    now  take    for    consideration  the  undnlatnrv 
theory  of  liiiht,  in   its  present  state  of  devclopement,  as 
ap[»iied  to  the  e\planati(»n  of  the  various  optical   phen.;- 
mena. 
The  Kther,  and  tiie  dociiine  of  Interfei'ence, 

Tt/ndairs  Lcchd-cs  on  Llfjlif.   P(«jcs  \i  to  -jO. 

"  Stand  upon  the  sea-shore  and  observe  the  advancinir 
rollers  before  they  are  distorted  by  the  friction  of  ti;e 
bottom.  Every  wave  has  a  back  and  a  front,  and,  if  von 
dearly  seize  the  imaiie  of  the  movinu  wave,  y(ju  will  see 
that  every  [(article  of  water  along  the  front  of  the  wave 
is  in  the  act  of  risinu:,  while  every  particle  along  its  back 
is  in  the  act  of  sinking.  The  particles  in  front  reach  in 
succession  the  crest  '>f  the  wave,  and  as  soonas  the  crest 
is  passed  they  begin  to  tidl.  They  then  reach  the  furrow 
or  simis  of  the  \vav<',  and  can  siidv  no  farther.  Innne- 
diately  afterwards  they  Ijecome  the  front  of  the  succeed- 
ing wave,  rise  again  until  they  reach  the  crest,  and  then 
sink  as  lu'tbre.  Thus,  wliile  the  waves  pass  onward 
horizontally,  the  individual  particles  are  simply  lifted  up 
and  down  vertically.  Observe  a  sea-fowl  or,  if  you  are  u 
swimmer,  abandon  yourself  to  the  action  of  the  waves; 
you  are  not  carried  forward,  but  simply  rocked  up  ai  d 
down.  The  propagation  of  a  wave  is  the  proi)agation  of 
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''  a  form.  ;iimI  not  the  triiiisfriTciicc  of  tlu'  siihsfanco  w  liicli 
«'ollstit  ilh's  the  \Viiv«'.  'I'lic  It'IiUf  li  of  t  lie  wave  is  tlio 
distiilu'O  from  crest  to  crt'st,  while  llie  dislaiiee  tliroiiiili 
wliieli  the  iiitfh  .(hiiil  jmrtieles  (»seillate  is  ealled  thn 
ani)lihi<l(  of  the  oseillalioii.  Von  will  iiotiee  tluit  in  this 
(losci'i|»tioii  the  particles  of  Wiiter  are  maile  to  vibrate 
acrosa  the  line  of' projiauation. 

And  now  we  have  to  take  a  step  forward,  and  it  is 
the  most,  important  step  of  all.  ^'on  can  [)icture  two 
series  ol  waves  [troceediny;  fi'om  diirereiit  origins  throni;h 
the  same  water,  when,  for  exani[tle,  yon  throw  stones 
into  still  water,  the  ring-waves  proceeding  from  the 
iwo  centres  (»f  distnrWance  intersect  each  other.  Now, 
\u>  m.ittei"  how  nnmerous  these  wav«'s  may  Im',  the  law 
holds  good  that  the  motion  of  every  jtarticle  ot"  the  water 
is  tliCi  algebraic  sum  of  all  the  motions  imparted  to  it. 
It'cresi  coincide  with  crest,  the  wave  is  lifted  to  a  doiil)le 
lieight*;  if  fnrrow  coincide  with  cr<'st,  the  nnitions 
are  in  opposition,  and  their  sum  is  zero.  We  lune  then 
still  wa1e,r,  which  we  slal!  learn  present Iv  corresponds 
to  wiiat  we  call  (l<irkiii'ss\n  ri'ference  to  ourprtjsent  sub- 
ject. This  action  of  wave  upon  wave  is  technically 
calle<l  iiifcrfrroicc,  a  term  to  bi;  renuMnbered. 

Thomas  Voui'g's  fundamental  discoverv  in  o[«tics  vviis 
that  the  princi[»le  of  interference  ap[)lied  to  liglit.  Long 
l»rior  to  hits  time  an  Italian  philosopher,  (iriinahli,  nad 
stated  that,  iuk'm- certain  eircumstai.'s,  ivvo  thin  beams 
of  light,  each  of  which,  acting  singly,  produced  a  lusninous 
spot  u[>on  a  white  wall,  when  causcJ  to  ju-t  lOgether, 
partially  ([uenclnMl  each  other  and  darkened  the  spot. 
This  was  a  statement  of  fundamental  sigidiicance,  but  it 
required  the  discoveries  and  the  genius  of  Young  to  give 
it  meaning,  llovv  he  did  so,  I  will  now  try  to  make  clear 
to  you.  You  know  that  air  is  compressible;  that  by  pres-" 

•Wc  have  alivady  inailo  an  ol>j<'cti(in  (note  to  paiie  16)  to  tlio 
teaching  in  this  particular  as  nut  according  witli  tlif  knovMi  Uv.vh  ot 
liiecliaiiical  (physical)  science. 
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"  8iii'('  it  run  hv  iviidcrcd  iii(»r«' «1,mis«',  niid  tliiit  by  dilatii- 
tioii  it  <-a  I  hv  rt'iidcn-il  iiumt  ran'.  I'roiM'ily  nsxitiitrd,  u 
tiiuiiiu-f'ork  iitvv  sounds  in  a  manner  andihic  to  yon  all, 
aiKJ  most  of  you  know  that  tlu'  air  tlironirli  wliicli  tlic 
Konnd  is  jiassinir  is  piircj'lN'd  ont  into  spaces  in  wliicJi  tlio 
air  is  condensed,  followed  l»y  other  spaces  in  which  the 
air  is  rarelied.  These  condensations  and  rarefactions  con 
utitute  wliat  we  call  trtirr.s  of  sound.  Von  can  iniauine 
the  air  of  a  room  traversed  by  a  series  of  such  waves,  and 
you  can  imayine  a  second  series  sent  throuyh  the  same 
air,  and  so  related  tothelirst  that  condensation  coincides 
with  condensation  and  rarefaction  with  rarefaction.  The 
conse(|nence  of  this  coincidence  would  he  a  louder 
s(Mnid  than  that  produced  l>y  either  system  of  waves 
tak«'n  sinirly.  JJut  you  can  also  imai.nnea  state  ofthinns 
where  the  condensations  of  the  tme  system  fall  upon  the 
rarefactions  of  the  other  system,  in  this  case  the  two 
systems  W(»idd  completely  neutralise  eju-h  other.  Kach 
of  them  taken  sinuiy  pi'oduces  sound;  both  of  them 
taken  together  produce  no  soimd.  Thus,  jiy  addinu, 
sound  to  sound  we  produce  silence,  as  (Jrimaldi  in  his 
experiment  jn'odnced  darkness  by  addinu  liiiht  to  liulit. 

'J'he  analogy  JH'tween  sound  and  liuht  here  at  once 
Hashes  upon  the  mind.  \'ounir  iieneralised  this  observa- 
tion, lie  discovei'ed  a  nndtitude  of  similar  cas(\s,  and 
determined  their  precise  conditions.  ( )n  the  assumption 
that  light  was  \\a\-e-motion,  all  his  expei'iments  oniiiter- 
terence  were  explained;  on  the  assumption  that  lii:lit 
was     Hying    particles.     notliin<>-     was      explained.       In 

the   rime    of  Iluyghens   and  F.nlcr   a    i limn   had   been 

assumed  for  the  transmission  of  the  wa\ts  of  light,  but 
Newton  raised  the  objection  that,  if  light  consisted  of 
the  waves  of  such  a  medium,  sIkhIows  could  not  exist, 
'flic  waves,  he  contended,  would  bend  round  o|)a(|ne 
bodies  and  produce  the  moti(M:  of  light  behind  them,  as 
sound  turns  a  corner,  (U-  as  waves  (»f  water  wash  round  a 
rock.  It  was  lu'oved  that  the  Itendino-  round  relerred  to  "' 
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'•  1)}'  Newton  iictually  occurs,*  hut  tlinttlx'iiillci'tcdwfives 
.'ili(»lislj  each  other  hy  tlioir  iniitiuil  iiitert'ereiice.  Yoiin<y 
also  ihsccnicd  a  iiiiKlaiucntal  <htH'i  Mice  hctweeii  the 
waves  of  liuht  and  those  of  sound.  Could  you  see  the 
ether,  you  wouhl  also  fuid  every  iudivi(hial  j»artich» 
making  a  suiall  excursion  to  and  fro,  hut  here'  the  motion, 
hke  that  assimied  to  the  water-parri(des  al)()ve  reterred 
to,  wotiid  he  rtr/Yw.v  th«' line  of  |>ro|»aiiation.  '^I'lie  vihra- 
ti(»ns  ol"  tlie  air  are  loiii/itudii/al,  the  vi orations  of  the 
etiier  are  f)'<iifsrrrs((/. 

It  is  my  desiie  that  you  should  realize  with  (dearness 
the  (diaracter  of  wave-motion,  h(»tli  in  ether  and  in  air. 
And,  with  this  view,  1  hriiiu:  hefore  you  an  experiment 
wherein  tli''  air-[>arti(des  are  re])resented  l)y  small  spots 
of  liirht.  They  are  parts  of  a  sjtii'al,  drawn  u}»on  a  circle 
of  hlackened  glass,  and,  wiien  the  circle  rotates,  the 
sj>'.)ts  move  in  successive  pulses  over  the  screen.  You 
have  here  clearly  set  hefoie  you  how  the  pulses  travel 
iiicessantl}'  forward,  v.iiile  the  juulieles  that  com[>ose 
tliem  pt'rform  oscillations  to  and  fro.  'JMiis  is  the  picture 
of  a  sotmd-wave,  in  which  the  vihrations  are  louiritudi- 
iial.  ]iy  anothei  glass  wheel,  we  prodiu'c  an  image  of  ii 
iransverse  waAc,  and  here  we  ohserve  the  waves  travell- 
ing in  siK'cession  over  the  scre«'ii,  while  each  individual 
spot  of  light  jierforms  an  excursion  to  an  '  fVo  across  tiie 
line  of  [U'oi)agation. 

Xoticii  what  follows  when  the  glass  wheel  is  turned 
verv  (|uickly.  (Mtjectively  consider«>d,  the  transvei'se 
waves  propagate  themselves  its  hefore,  hut  suhj«'ctively, 
the  t'llect  is  totallv  chantrcd.  I'ecause  of  the  retention 
of  impressions  upon  the  retina,  the  spots  of  light  simply 
descrii)«'  a  series  (»f  parelled  lumin(»ns  lines  up(»n  the 
screen,  the  length  of  these  lines  marking  the  amplitude 
of  the  vilu-atioii.  'I'lie  impression  of  wa\e-motion  has 
ttttally  disiipyeiU"ed." 
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"  The  most  fiiiiiiliir  illnsffiition  of  tlic  iiitiMffn-iicf  of 
soiiihI  wilvt's  is  furnished  l»y  tlic  hnits  prodiUTd  by  two 
Jtiiisinil  sounds    sli<r|,tly  out  of  of   miisoii.     Tlioso   two 
tiiiiinif-foi-ks  jire  now  in  iMMfcct  nnisoii,   ;ind  wlini  tlicv 
iiiv  agitated  togetliertlie  two  s(»Mnds  li«.w  without   rouirh- 
ncss,  as  if  they  were  but  one.     I5ut  by  atta<'hinir  to  one 
of  the  forks  a  two-cent  piece,  we  <'ause  it  to    vibrate  a 
little  more  slowly  than  its  neighbour.     Suppose  that  one 
of  them  performs    101  vibrations  in  the  tinu' required  bv 
the  other  to  perform   100,  and  suppose  that    at   starting 
the  condensations  and  rarefactions  of  both  forks  coincide. 
At  the  101st  vibration  of  the  ((uickest  fork  they  will  ayain 
coincide,  the  (flicker  fork    at  tiiis  point  havinir   oajnrd 
one  whole  vibration,  (tr  one  v,liole  waveup<»n  the  other. 
J'>ut  a  little  retlecticni  will  make  it  clear  that,  at  theoOth 
vibration,  the  two  forks  are  in   op[»osition  ;   !(erc  the  (-ue 
tends  to  produce  a  cond<'iisation  where  the  other  tends  to 
produce  a  rarefiiction  ;  by  the    united  action  of  the  two 
torks,  therefore,  the  sound  is  ((uenched,  and   we  have  a 
pause  of  silence.     This  oecinvs  where  one  fork  has  ifained 
half(in-avr-1ru;itli  upon  the  other.  At  the  lOJst  vibration  wc- 
have  airain  co-incidence,  and,  therefore,  aupnented  sound 
at  the  l-")Oth   vibration  we  have  auaiu  a  quenchiuir  of  tiie 
sound.      Here  tht   owv  Wn-k  h  tlnrv  half-ivorcs  in  advance 
of  the  other,     lu  ireneral  terms,  the  waves  conspire  when 
the  one  series  is  an  crvn  mimlM-r  of  halt-wave  leuiiths.  and 
they  are  dcstr(»y«'d  when  the    one   series  is  i\\\  <,(hJ   num- 
ber of  half-wave  lenuths   in  advance  of  the   other.*    With 
two  forks  so  cii-cuiustanced,  we  obtain  tli(»se  iuteniiilient 
shocks  of  sound  se|»)iraicd  by  jiauses  of  silence,  to   which 
we  jiive  the  name  of  beats.'' 


•  111  i'c,i:arc|  to  tliis  cxiicriiiicht.  we  k  luiii  k  llial  the  |.niiiiU'v  cau-c  i)f 
llic  s.iiiinl  is  ailiiiiiicl  to  l„.  Ill,,  viliialii.i,  ,,r  il,,.  metal  ll.rk  ;  tli.' 
priinan  caii.-c  (4"  llic(iiuiicliiii;r  (,fl|i(. -,,iiirl.  a!su.  i>  a.linittcil  t.i  l.c 
tlu' iiiicjiial  iiiiiiilicr,  nwiiii:  tc  llif  \ariati..|i  in  llie  lapiditv,  of  tli..  vi- 
I'mtioiis  uf  llic  i\v..|)nm;r.^  ivs|K.,-tivcl\  .  Ii  ,|,,.  s  i„,t  app.ar,  tlicirlMrc, 
that  ai,,v  pnict.  <,v  <-\vu  that  aii.v  (•<  i,|,.ncc.  in  ta\Mr  ,-f  il,,.  iii„|i, latin- 
tlit'iry  i--  allnnle  I  Ircvnihl  the  iir;:aiivi' f\  Idcii 
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I'iiirc  •>  I.  '' III  tin' imdiiliitorv  tlu'oiT,  what  [)it('li  is  tf/ 
The  ear,  colour  is  to  the  cyo.  Tlion<>li  never  s«m'ei,  tlu; 
lengths  of  tlie  waves  of  liiilit  liave  ln'Oii  deteniiined 
Tlu'ir  existeuee  is  |>rove(l  hji  their  cj/trfs,  and  tVoni  their, 
efleets  also  their  lenuths  may  he  accnrately  deduced.  This 
mav,  nion'over,  be  done  in  many  ways,  and,  when  the" 
"  different  determinations  are  eompaied,  the  strictest  har- 
monv  is  found  to  exist  between  them.  The  sh(>rtest 
waves  <»f  the  visible  s|)ectri;m  are  those  of  the  extreme  \io- 
let;  tin'  longest  tliose  of  the  extreme  red;  while  the  otlu'i 
colours  are  of  intermediate  pitch  or  wave-lenu^th.  The 
length  of  a  wave  of  the  e.xtrem:'  red  is  snch  tliat  it  wonld 
recjnire  :Jt»,iMs  of  them  placed  end  to  end  to  c(»ver  one 
inch,  while  (»4,():{1  of  the  extreme  violet  waves  w<jnld  be 
re((uired  to  span  the  same  distance. 

Now,  the  velocity  of  light,  in  rointd  nnnd»ers.  is 
Ul{),0()0  ndles  j»er  second,  llediiciny  tliis  to  inches,  and 
multiplynig  the  mnnber  thu.-  (onn<  by  :)(),!H'>  we  obtain 
the  mmiber  of  waves  of  the  extreme  red  in  I  !)0, ()()()  miles. 
All  (lirsr  iruri's  ciitvr  the  n/c  (Did  liif  tlic  ycfiiia  at  tliv  Ifivk 
of  tliv  ri/i' ill  true  sicniid.  Tiie  nnmber  of  sliocks  ju'r  second 
necessarv  to  the  production  of  the  impression  of  red  is. 
therefore,  four  hundred  and  lifty-one  milli(tns  ot' millions. 
In  a  similar  :nanner,  it  may  be  found  that  liie  mnnber  ot 
shocks  correspon.ling  to  tiie  im[M"essioii  of  violet  is  seven 
huiKh'cd  and  eightv-nine  millions  ot  millions.  All  space  is 
filled  with  matter  oscillating  at  such  rates,  l-'rom  every 
star  waves  of  these  dimensions  nH»ve  with  the  velocitv 
of  light  like  sphei'ical  shells  outwards.  An<l  in  the 
ether  just  as  in  the  wat«'i',  the  motion  ofexcry  particle  is 
the  algebraic  sum  of  all  the  separat*'  uiotittns  imparle  I  to  "' 

in  tins  iii-UuHc  IS  lint  iiiitinriin'wlic  id,  nr  irii'i-oiH'il.'iliIi'  with,  tlif 
tlicoiy.  'I'lu' -aiiic  niiiiu'k  iiiay  iu'  lil<i\\i-i'  ii|i|ilicil  Id  tlic  ]ir('ci'ilini; 
(•xiicriimnl.  w  lii''li  iiiiiy  lie  trriiifd  a  \  i  ry  >tril<ii;2' <ul.j('e'li\(>  illii-tra 
tiini  ol  //;/  ( j'/i/iiiiii/inii,  iis.':istiii,ir  t"  iiiaivc  that  cNplaiiatidii  t-'lparly  nn- 
iJcrstiKMl,  liiil  wliicli  <l<n's  lint  allu'il  any  ilciiinn-tiatiou  nr  even  e\i- 
(ienee  tliat  tlic  cxiilanalidii  it.~ell'  is  -uiiihI,  lurllier  tliaii  sIm  wiiii^  il  !<• 
lie  ill  (citain  )ia!tiL'uiars,  nr  wlieii  n  liiirdcd  fn  in  a  (.'ei'taiii  ["'in;  c.i' 
view,  lint  aiita_'nnis' ie  tn  ilie  nli.-er\i(l  |(lii  iii  menu. 
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"it.   Still,()iic  inotiou  (Iocs  not  blottlie  other  (Hit ;  or,  it'ex- 

tiiiction  occur  ;it  one  point, it  is  jitoncd  tor  jit  sonic  other 

|toint.     EvciT  still-    declares  hy  its  hyht    its  iind.iniayed 

individiiiility,  iis  if  it   ahmc  had  sent  its  thi'ills    throiii-ii 
space. 

The  }ninci[»le  of  inteitcrencc  apjdies  to  the  waves  of 
hght  as  it  does  to  the  waves  of  water  and  the  waves  <tf 
s'oiind.  And  th«>  conditions  of  interference  are  the  saii.e 
in  all  three.  If  two  scries  ot  Jiuht-waves  of  the  same 
length  start  at  the  same  moment  from  a  common  oriuiii, 
crest  coincidr's  with  crest,  sinus  witli  .sinus,  and  tiic  two 
syst«'ins  hlcndtoirether  to  a  sinuie  system  of  doiijjlc  amidi-" 
•'  tilde.  If  both  scries  start  at  the  sani(>  moment,  one  of 
them  heinir,  at  starting,  a  whole  wave-lenyth  in  advance 
<»f  the  other,  they  also  add  themselves  together,  and  we 
have  an  aiigmeiitecl  luminous  cHcct.  .Fust  as  in  the  case  ot 
sound,  the  sam<^  ocnirs  when  the  one  svstem  of  waves  is 
any  mit,  iiiimh'>r  of  seini-iindiilatioiis  in  ad\  am-e  of  the 
other.  l)Ut  if  the  one  system  he  half  a  wave-length,  or 
,\uy  odd  nuniher  of  half  wave-lengths  in  ad\ance,  tlieii 
the  crests  of  the  one  fall  ii[»on  the  sinuses  of  the  other; 
.the  OHO  system,  in  fact,  tends  to  lift  the  particles  of  ether 
at  the  precise  places  where  the  other  tends  to  depress 
t  hem  ;  hence,  through  their  joint  action  theether  remains 
perfectly  still.  This  stillness  of  the  ether  is  what  we  call 
darkness,  which  corresp(»nds,  as  already  stated,  with  a 
dead  level  in  the  case  of  watei." 

The  explanations  (»f  the  iindulatory  theories  of'  liyht 
and  sound  contained  iiithe  foregoing  ((notations,  siiHicient- 
ly  exhibit  the  present  teaching  ■,»n  t lit;  suhjcct.  It  inav 
be  here  remarked  that  'he  ex[>Ianation  as  given  l»y  eacji 
of  the  three  teachei-s  fri.,ii  whom  we  haxc  (pioted,  (hHJ'is 
in  some  essential  particulars  from  that  given  by  each  of 
the  other  two.  \)\:  Lardner  states,  conii)aring  the  o{>tical 
to  the  acoustic  form  of  the  theory,  that  the  ether  takes 
the  place  of  the  air,  and  that  the  ether  "transmits  the 
vibratioji  exactly  as  the  atmosphere  transmits  the  vibra- 
tion of  u  sounding  body."     Prof.  Tyndall  states  as  ''  a  fun- 
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<liiiii('iif!il  (litU'rciirc,"  (irst  discoven'd  by  V(nin<r,  tliiif 
''  the  viUniriuiis  ot'  tlic  iiir  an;  loiiuitiidiiiar'  ami  "  tliost? 
ot  tli«'  t'tluT  traiisvi'isiil,"  wliicli  is|>arrii'iilarly  dt'lint'd  to 
iiicau  that  every  individual  [laitiidf  of  air  osvillatcs  to  and 
li'o  ill  tlie  dih'crioii  of  ]u'(t|ta<iatioii,  and  that  evrrv  iiwh- 
\  i(hial  [»aiTi('l('  of  »'th»'r  makes  a  ^inall  exoursion  t<»  and 
ti'o  across  the  hue  of  propagation.  Lcshe  vvritinu  i'l  thw 
Kiicyc.  Hrittan.  (as  (pioted  page  :{|)  yivt's  an  explanation 
ot  the  aeonstic  form  of  the  theory,  ditl'eriiiijso  esseiitiallv 
ti-oin  the  others  that  it  might  l)e  more[)roperly  e(»nsidered 
a  distiiu't  theory;  the  partieles  of  air  are  supposed  liy 
him  to  coiKliH't  the  impulse  by  im[>aet  of  oa<'li  partiele  on 
rlie  next,  the  analogy  to  the  waves  of  the  licpiid  and  the 
supposed  alternaTiiig  <*ondensations  and  rarelieations  arc; 
put  aside  and  tlu'  impact  transmission  of  the  impidse 
tlii'oiigh  the  air  is  ap[>ai'eiirly  similar  to  that  which  Dr. 
Lardner  siippost-s  to  take  [dace  through  solidsaiid  li<[iiids 
which  conduct  the  im[tulses  or  \  ilnutions  resulting  in 
?<oimd. 

We  are  now  prepan^l  to  consider  the  objections  to  (ho 
umhdatory  theory  ol' light. 

Tliiic  isj  lio/rcrrr,  anotlicf  qitcsfion  u'liicli^  (ilflioiiifjt  not 
(litrctlf/hrloDi/liiif  to  the  mulnhiforif  (licori/  of  lit/lit,  is  close/ if 
ro)nWr(((l  irifli  if,  nud  is  ifif  distinif  rnotii/li  to  rlnint  iiidr. 
))iil(hnt  ei))isidvrntiijli.  As  it  (ipjx'ors  (hsirah/r  to  i^irc  iif- 
fi'iitioil  to  it  Injure  jtroccrdiiii/  to  c.ifn-rsslif  <lt>dlii/i/c  the 
iciicliiiiil  oil  the  ifiiiciid  siihjirt^  luid  (is  irr  du  tint  irish  to 
diridr  or  coiiiplinilc  flic  niai/i  arifnnictit,  the  inrrsfiifuflon 
of  the  f'flfsT  irill  here  fol/oir  as  mi  (ifijti'tnlir  to  part  the  fir.-t 
of  this  snpjdiiiK'iit.  The  i/iirstioti  alluded  to  is  .  .  the 
iniioinit  (if  Solar  li(/ht  (and  radiant  heat)  reeeired  laf  a 
planet,  in  anif  definite  time,  rehdirelij  to  fin  distant!  of  the 
))lanef  from  th(  sun.* 


'  I' I  lis  ■jiiiMtio!!  iinol  veH,  iiiiil  tn  sdiuo  fxtoni,  ini:liiilfs  otlior  ciii  •>  ; 
f.  fi.,  tilt'  iinjliiil'le  ili.stiiiice  ut'  tlif  lixoi  rflurs  urf  uii  iiiH-rciici' Intm 
llii'ir  I'oiiiparative  hrigliinos.-'. 


AITKNDIX. 


It  is  now  tliuimiit  tliitf  fli<'  (|iiiiiitily  of  liiiiit  jiihI  heat 
received  by  ii  piaiiet  IVoiii  llie  sum  is  inversely  as  tin; 
square  of"  the  disianee  of  tlie  jjlanct.  Wr  ('halieiiire  this 
doctrine  as  nnin-oxcn,  and  aileye  th.;  fact  to  he  that  tiic 
amount  of  solai-  iiiihj  and  radiant  heat  received  by  the 
planet  is  inversely  as  the  di>tance  of  the  [danet  fntni  llie 
sun  ;  that  is,  in  sini[>le  and  not  in  ((uadratic  proportion. 
We  do  not  propose  now  to  demonstrate  the  proposition, 
but  merely  to  indicate  the  ariiunient. 

Liinhtrr\s  Xtifiiral   I'liiliisujthii. 

L'nlllt     (!(|().)     '•    .'Ifr/llDds  nf  li,illp'iri:i>/  /III'    I/l/l/ililtnli/hJ 

ymirrr  itf  Lifilil. — If  two  hnniiiarits.  havinu-  e(|ii;il  Imnl- 
nons  snrlares  ;it  e(|ii,il  di>lanc('.>  fi(»ni  the  smne  whiti' 
opa(|ne  surface,  pK-n-ed  at  the  s.inic  an^le  wilh  I  he  rays, 
shed  liuiits  of  eijual  l)riuhl  nrss  on  stich  sni'lacc,  it  follows 
that  tlieir  ahsohitr  inimsitirs  iiiu>1  he  e(ji|;il.  if  dii  the 
.-..I'l  :■  iry.  two  sue! I  hi iiii Maries  >.i  |i!ac('(|  pioiliirc  dilU'rei.L 
deiirces  of  ilhnniiial  iuii  on  the  >,\\\\r  >iirliicc,  ihrir  ahs.;- 
Inte  iiileiisii  ics  nni^i  be  dilii  rriii .  and  nni^l  In-  in  Hie  pro- 
pnltinii  oj  liic  iihlliiiliat  ittli>  tlnW  |il'(Hhir('.  li'  in  this 
ra>e  that  hiiiiinai'}'  wiiirh  iii'imIiiccs  the  iiiiij','  lefbh; 
illuminatioii  i)e  iii.t\cd  towaiiU  ilic  iilnniiiialrij  oltjeet, 
until  its  |iiii\iinit  \  is  inci'rasril.  mi  that  it  iiidihiecs  a.i 
ilhiniinat'on  eijiial  to  I  hat  ol'  il:.'  dilier  liiniiii!i\-.  thru  tiio 
al)sohite  iiit('n'<it\  nf  thetu.i  hiiniiiai  it  s  w  ill  !),■  as  th»^ 
s(|iiares  ill  tlicir  d,-ianiTs.  'i  iii>  nia\  ite  (l(■lll^lj|■^tl;ltt'd 
<!•;  tiilli.w  >  : — ■ 
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APPEXniX. 


^'  Let  7?.  express  tlie  brilliaiicv  oftlio  illniniiuitioii  pro- 
(lnee<l  by  tlie  two  luiniimries.  Let  S.  express  the  com- 
mon magnitude  of  tlieir  linninous  surf  ces.  Let  /.  mid 
/.'  express  their  intensities,  an<l  let  D.  and  /).'  express 
those  distances  Nvhieh  render  their  iHuminations  etpial  ; 
we  shall  then  have  for  the  one  B  -^  jyi — and     for    the 

other  B  =—,.t-  conseriuentlv  we  shall  have  -,7.-=--,r7- 
and  con-qnently,  /  :  /'  ::  7/:  D"." 

It  is,  perhaps,  siiperHiions  to  point  out  that  sinct?  no 
reason  whatever  is  given  why  the  sipiare  of  the  distance 
should  he  substituted  for  the  distance  itself,  the  foregoing 
formula  has  no  value  whatever  in  the  sense  of  demonstra- 
tion. We  have  the  statement  tiiat  *^the  absolute  inten- 
sity of  the  two  luminaries  will  be  as  the  scpuu'es  of  their 
distances."  This  statement  may  be  the  ex[)ression  of  a 
prejudice;  of  a  mere  baseh'ss  opinion,  or  it  may  be  of  a 
conclusion  based  upon  actual  exp'  riment  and  oI)serva- 
tion  :  it  appears  without  supjtort  or  reference,  and  the 
formula  of  itself  can  certainly  not  sid)stantiate  or 
str*Migthen  it  in  anyd«>gree. 

Jfcr.scIitTs  Oidliiiis  of  Asfrononiji. 

(•')!):3.)  "  Wiiat  renders  thcsL'  elenuMits  so  roniukabh? 
is  the  smallness  of  the  piM'ihelion  distance.*  Of  all 
comets  which  have  been  recordeil  this  has  made  the 
nearest  ai>[)r(jac1i  to  tlie  sim.  'IMie  sun's  radius  being 
the  sine  of  his  a[)parent  sein'-diameter  (10' I")  to  a. 
radius  e(|ual  to  the  earth's  mean  distance^  I,  is  reju'e- 
st'Hted  on  that  scale  by  ()•()()  KH),  which  falls  short  of 
()-()0-'):}4,  the  perihelion  distance  found  by  taking  a 
m»'an  of  all  the  foregoing  results,  by  oidy  OM)()()G"-i,  or 
about  one-seventh  of  its  wh(de  m::gnitude.  Tlu;  comet, 
tiiei'efore.  aj)pr(»arhed  the  htiiuiioiis  surface  oJ'  the  sun 
within  about  a  stneuth   p^.rt  ot  the  sun's  radius!   It  is" 


/ 
\ 


'  Tlic  I'liiiii  t  In  re  .-|Mik(ii  i.f,  i-  till' L'ri'.'il  CDiiut  wliicli  a|)|ifiui'i|  in 
tlic  -priii;.' <il' !>■  M  :  ol' vvliicli  ii  riill  iin^l  vcvy  in!cri'sliiii;'  iiccniinl  is 
L'iv I'll  ill  tlir  aliiiv  (•  \\i 'vk . 
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"  worth  wliili'  focdi  sidcr  wlint  is  implied  in  siidi  ;,  fjirf. 
Ill  tin'  (irst  phcc,  tin'  intensity  both  of  tlic  liirht  niid 
radiiiiit  licit  (»('  tlic  sun  iit  dilll'i-cnt  distjiiici's  from  tli.ir 
liiiniiiiiry  iiMTCiisc  [n-oportioiudly  to  tlio  spln'ricil  aiVii 
of  tin'  i)ortion  of  the  visil)Ic  In'iiiisplu'n'  covered  l)v  tin- 
sun's  disc.  This  disc,  in  tin-  ciisc  of  the  earth,  jit  its 
nieiin  distfiiKT'  has  an  aiiunhir  diameter  of:3:>'|".  J.  At 
oiir  comet  in  perihelio  the  ai»i»areiit  aiisrnlnr  diameter 
of  the  sun  was  no  h'ss  than  l:.'r  :{•,''.  'J'he  intio  of 
the  spherical  siirfiices  thus  occupied,  (iis  appears  from 
spherical  ifeometry ),  is  that  of  the  sipiares  of  the  sines 
of  the  fourth  parts  of  these  aimles  to  each  other,*  or 
that  of  I  :  J7(M-j.  And  in  this  proportion  are  to  t'ach 
other  the  anioiints  of  li<.lit  and  iieat  thrown  hy  Hie  snii 
on  an  e((iial  area  of  exposed  siirtiice  on  onr  earth  and 
at  the  comet  in  e(|ual  instants  of  time.  Let  anv  one 
imaixine  the  ellect  of  so  fierce  a  ,i>lare  as  that  of  17,000 
suns  such  as  we  ex))erience  the  warmth  of,  on  the  mate- 
rials of  which  the  earth's  surface  is  composed." 

It  will  he  understood,  from  what  has  irone  before, 
that  we  do  not  accept  as  reliable  the  positions  ;utribiited 
to  this  and  to  other  comets  relarivtdy  to  the  sun  ;  but, 
for  the  purpose  of  simplityin<r  this  a..>iinient,  we  will 
assume  the  place  of  the  comet  to  have  been  as  supposed 
ill  the  for«>!Xoin,u';  and,  raking  that  assumption,  our  com- 
putation would  hi'  as  1:>I'^:5:>':  :{•/  I"  :.  Hn.  innouiit. 
of  liiihtand  heat  receiv«'(l  by  the  comet  in  that  position  : 
the  amount  of  liyjit  and  radiant  heat  received  l)v  the 
earth.      I'lie   result    (»f  which   iiiN'es  us,  as  the  pr(»portion 


*  W'c  wniil.l  siil"j:c-I  tliat  llii.-^  cui,  .-.cai'ccly  l.c  tlic  iiicaiiiiiLr  wliirli 
Sir  ,l(i|in  lias  inlfii.lcil  to  I'xpir.-s.  Tlir  ••  ratio  of  llic  >(|nai'('.-'  ol'  the 
rallies  of  tlic  liiiii'tli  |)irts  of  tlif  an^'ics  "'  /"  cur/i  oHicr,  is  a  siiiij.li' 
(liiadratic  |in.|„,iti,,|i  ;  ipiitc  the  same  as  the  I'atiu  of  the  .sqiiai-cs  ut' 
tlic  siin'.-  tit  till'  aiiiilcs,  ,,!•  of  the  s,|,iiii'cs  <i|'  tin-  aiiL'lcs  ll.ciiisrl  vcs  /,, 
each  olhrr  ivs|,c,-tivf|y.  Hut  it  voiiM  apiM'ar  that  Sir  .lolm  Iia<l  snini- 
s'lrt  (,r  ;.'t>i(iiit'ii:r  cniiijjlc.x  (jiia  iratic  iifniioftimi  in  iniinl  at  tin-  time  i  t 
writiiiiT  tliis. 
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jihoiit  •2-21  suns,  in  placo  nt'riic  I7,<)()0  suns  (>l»laiM(>(l  on 
t1u>  (]iiii(lnitit'  lii/jn>flir.sis. 
{)i(lliiiis  of  AsfromiiHif. 

(8 hi.)  *'  If  our  sun  woro  rtMiiovpil  io  (lie  distiinoo 
t'N|»irssr(l  l>y  our  pjUMllactic  unit  (jirt.  sol),  its  npp.'inMit 
(liiHin'trr  of  :{'J'  l"-'>  would  l»c  n'tluct'd  to  only  ()"•()()!):» 
tir  It'ss  tli.in  till'  Inuidrt'dtli  of  ii  second,  a  (jUiintity 
\vlii<-li  we  liavr  not  \\\v  smallest  reason  to  hope  any 
jMiH'tieal  iinprovemeiit  in  telescopes  will  ever  show  as 
an  ohjecl  haviny  distinuni.shahleyor;;/.'" 

CstH.)  "  Ifadius  is  to  the  sine  of  l"as  •JOil-JC')  to  I. 
Ill  this  proportion  then,  at  least,  must  the  distance  of 
the  fixed  stars  I'rom  the  sun  exceed  tiiat  of  tiie  :^\l\\ 
titiiii  the  earth.  iVizain,  the  latter  distance,  as  we  have 
already  seen  (art.  :{-')7),  exceeds  the  earth's  radius  in  the 
proportion  ot"'.':{!i^|  to  I.  'fidsinir,  therefore,  the  earth's 
v.idins  tor  unity,  a  parallax  of  I"  supposes  a  distance  ol 
I'.t  I7t)")'.i7<>().  or  marly  five  tlioiisalid  niil!iolis  ol  siicii 
units  :  and  lastly,  to  descend  to  ordinary  standards, 
siiu'e  the  earth's  I'adius  may  he  talvcii  at  1.000  of"  (»ur 
miles,  we  find  I  !t7^^:,':!!IO  10000  or  aliuiil  t  went  \- l»iHioii> 
ot' miles  for  our  resnliiiiu  distance." 

:il^.)  "  'I  he  nrcatcst  a|tpareiit  diainelcr  cl  t  he  sun  > 
cnriespdiMU  lolhe  I  >l  of  .laliilai'\  or  to  liie  ui'calesl  aii- 
unl.ir  \  eloeii  V.  and  iiiea>.iire-~  :;•.''  :!i  I"- •.'.  i  lie  h'asi  i.>  :;!'  '■>':" ; 
and   correvpoiids  lo  ihe  I  >i  nfjiilx."" 

•:|'»^.)  "  All  oiijcil  placed  ,l1  a  dist.iii-c  of  :»•'), 000, OOi) 
iiiilcs.  aiid  ^ultrelidiiiy  ail  aimir  of  ■■;•.'■  I",  luust  ha\ea  idl 
d  aiiieler  of   ^--.'.Onil  milr>."' 

'i'lie  d:l,illiii>  (uriiished  \)s  arl  >.  >  ^0  | .  .  i  :;  |>^,  i  ;')>,) 
.Ue  ijiiiiii'il  here  tor  the  piirjiose  ot  checkiii'.;'  ihe  coiiipii- 
liilaill      L;l\ell    :il»(eie      rrojll     .li'l.    i  >  I  !i  >.     aiid    uhicli.    ap- 

jMre;,tJ\-.  pri>eiii>  all  ex!raoidi!iar\  <li>crep,iiic\-.  (  )ii 
e\aiiiii:.il  loll  ii  heroiiie^  e\  ideiil  tliiit  the  deciiua!  piMiit 
li.is  lieeii  iiiisjil, iced,  and  th.il  ilh'  (|iiaiilily  should  read 
•dOO:  i:;  ■  ;  n\-  !es<  tliaii  t  lie  I  liniis.iiidi  h  of  a  second,  ill  si  cad 
o,    ihe  liii;idr<dln  a-  >i..lcd.      1 1  .i\ve\  cr.  w  c    h,i\e.    .,|    thif 
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mhI  „r  s.ipi.N.nM.i.t  njnrnish.Ml  „  i<..,o|M-.M„i,.,t.ti„M  o,, 
panilliictu-  ,I„ra,  ,.r  tlir  |h-..Ih,I.I..  i,„.,,„  ,|istj,M.-<.  of  a 
niimlM'i- of  the  coniparativ.'Iy  less  distant  stiirs.  Tint 
iWHt'.iUi'A'    s„    ol.taii.r.l   is   !).vJ,<)l-,>   tinnvs   the  (lisfa,..-,.  n[ 

«!"'  .SUM   froiM   tin.  caitli.       ()„    ,vi„.afi,..,r    tl.r   tor MM.r 

•  •oMiiMifafioii  witli  this  (listaiicc,  wr  have  «)-,■»•'<> !•»' 
I  ::  :>ji'I":  -(HM):*!.!^!,"  or  al,o-.t  tl...  ^,h  ,„,;  "of^; 
socoimI.  H,.  it  M,»tn!  that,  Motwithstan.lin-  thr  cx- 
tivm,.ly  sM.all  apiMivnt  iwimnitu.l,.  of  rh.-  (Jiam.'t.T  .s 
thus  iVi.ivs,M.tr.l,  th<.  stars,  of  which  this  .hstainv  'i. 
.•stiniat<'<l  to  br  thr  iur,,i,.ar."  vcrv(hstii,rtlv  visihlr  to 
'!'«'  imassist.-d  cvr  :  and  „ot  o.dv  so,  h„r  stars  whi<-h 
iMiist  ho  n.M,.irstioiiahlv  at  vrry  iniirh  -roiifr  disran.vs 
arc  also  ,|uitr  disti.irtly  visible  uithoiii  il,o  aid  of  a 
t«'icsco|»'. 

Wr  will  now  brirlly  rxai.ii...'  the  cas,.  on  its  own 
"..•rits.  Fio.  M).  (|>I.  I,)  Lc.t.S'.n.,nvs,.nt  tho  sun  ;  and  J'  a 
|'l""«'l,  itt  any  dm, ute  distance  as  shown  at  ('^)  •  at 
donbic  that  distance  as  at  U>.)  ;  an.l  at  four  times  that 

distiiiice  as  at  (f. ) 

If  we  assinne  that  the  (|nantitv  of  liirht  received  bv 
tli«'  planet  at  (a.)  is  proportional  to  the  an-idar  visible 
area  (/.r.,  the  apparent  area)  of  s(dar  surface;  and  if  w,. 

rcpr.'sent  the  d.'linite.|„antity  received  when  at  the  place 
{a.)  by  J.,  then,  if  the  planet  be  removed  to  the  place  {/,  ) 
at  twic!  the  distance,  the  an-idar  visible  area  ^•tpparent' 
area)  (dth.'  solar  snrfin-e  will  have  decreased  to  the  one- 
half;  and,  conse(|nently,  the  amount  of  liirht  received  bv 
the  planet  will  be  now  represented  by  i.  And  airain  if 
wc  suppose  the  planet  remove<l  to  the"  place  (r.).  t"he  ap. 
parent  solar  area  will  have  diminished  to  the  one-fourth 
of  the  apj.arentana  in  the  first  positiim  of  the  planet  at 

(a.);  and,  conse(piently,  the  amount  of  lii-ht  m.w  received 
wdl    be   n.presented    by  ^.     X,,,,-,   if   we    suppose    the 

planet  to  have  orbital  revolution  around  the  sun,  con- 
trolled by  gravitaticHi,  then  the  aiiirtdar  veh)city  of  the 
planet's  motion  at  thedistaiu-e  (/>.)  will  be  twice  us  great 
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n«  al-  tlu'  disrimct'  (*•.'),  mil  liiilt'iis  iri't'jit  us  if  at  fli*'  dis- 
tiiiH'e  ('«.)  tVoiii  tin-  Sim.  It  will  tlicrrliHr  follow  that  tlit- 
total  aiiioimt  of  liulit  rccrivi'd  (liiriiiLr  ii  complrtc  r«'\olii- 
tioii  would  !)«'  tln'  same  at  wliatcvrr  disfanco  tin'  j)laiu't 
iiiiulit  lit*  fioiM  the  sun;  hut,  in  tlic  same  dclinitc  time, 
tin'  ((niintity  i-»'«'«'iv«'d  wonld  We  the  on«'-lialf  and  tlu'  on»'- 
fonrtli  r»'s|u'rtivrl\ ,  if  the  distancr  of  tin'  planet  were  to 
l»e  inen-ased  from  (n.)  to  (/*.),  and  then  from  (h.)  to  (c). 

IJiit  it  is  alletred  that  the  sun  radiates  liuht  in  all  di- 
reetions  alike,  a  part  heiiiu  inteprpted  and  received  l»y 
jdanets,  and  a  very  laiL'e  proportion  heini;  radiated  into 
spaeo.  And  it  wonld  he  inferred,  as  a  eonsecpient'e,  that 
our  assnmpti<»n  does  not  Jipfdy  to  the  actual  case.  Jluw 
has  it  ln'cn  ascertained  that  the  snn  radiates  liuht  intw 
space,  and  in  every  direction  alike  ?  (Jravitatioii  is  also 
an  intlnence  which  is  i-onnnnnicated  from  the  snn  to  the 
planet,  or  is  intercomnmincaled  h«'tw«.'en  tlu-m  ;  and  it 
may  also  he  said  to  he  emitted  hy  tlu'  snn.  Is,  then,  the 
SUM  sni»[>oscd  to  emit  or  radiate  gravitation  into  space  t 
Or,  is  it  only  emitted  in  the  direction  in  which  there  is 
an  ajrirretrated  mass  of  matter,  to  receive  and  reciprocjite 
that  influence  '.  If  the  latter,  tlu'ii,  snpposin<f  we  dis- 
miss all  foregone  comdiisions  and  j»rejndice,  does  it  ap- 
pear so  certain  that  the  intlnence  which  causes  lisxht  may 
not  to  he  in  the  same  case  t 

NoTK. —  Wc  liurr  not  fortfuffeti  that  a  hitniintf  camUe 
radidti'S  light  ttnd  heat  to  all  direct iotts,  or  that  other  himi- 
iioKfi  and  itieaudeseent  h(jdies  of  the  same  description  behave 
in  like  manner — a  fact  irhieh  is  prohaldi/  the  basis  of  the 
supposition  that  the  snn  radiates  eqaalhf  in  all  directions  ; 
but  it  ninst  lie  renictidxnd  that  tJie  candle  or  other  radiating 
body,  is  surrounded  bj  bodies  which  are  recijiienfs  and  in 
some  degree  reeijn'ocators  of  the  radiation.* 


*  Wp  arc  iiiiiKlliil  tliiit  arcd-lmt  ^'lulic  radiiit*'.'^  lu-iit  in  allilirectioiiH, 
anil  might  be  easily  iiiiHiniilcrftituil  to  do  hu  equally  in  all  flirectiotiH; 
but  what  is  the  actual  result  if  examined  by  e.\j«  riinent?  Four  globes 
are  suspended  in  the  same  apartimiit,  at  ecjuul  ilistances  I'rom   eacii 
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Wf  liiid  ill  I'i'of.  Tyndiiirs  work,  "  Ifetit  a-<  a  M<kU'  of 
Motion,"  tlio  iollowiiiir,  which  will  assist  in  coiil lasting 
iuid  niiikinu  ai>i>ar<'iit  the  (listinction  l)»'tw«.'(Mi  the  two 
iissMinptions,  viz  :  that  ol  a  uriKTal  (lisp«.Tsion  of  liuht  or 
lu'at  from  the  radiant  body,  and  that  of  a  coiici'iitratioii 
of  tlu'  liirht  or  heal  from  th«'  radiat«»r  upon  one  or  upon 
any  iiiimJM'r  of  n'cipifnts  ;  only  it  must  Ix' can-fully  not«'d 
that  ac('(»rdinu  t(»  the  last  assnmption,  if  the  numhcr  <tf 
rt'cipicnts  h<'  innumt'rahh'  or  very  nimit'icMis,  so  ;is  to 
r(»nnd«'t('lv  smroinid  lln'  radiatinu'  l)ody,  and  to  occinty 
cxcrv  radial  dir('cti»»n  from  that  hody,  the  apiiarcnt  vWWt 
ur  result  will  he  the  sanic  as  hy  the  first  assumption. 

{■i-U.)  "TIh'  intensity  of  radiant  heat  diminislu's  wiili 
till- distancf.  in  the  sjnne  manner  as  that  of  liuht.  ^Vllat 
is  tin'  law  of  dindnutiitii  of  liulil  .'  j-'aeh  side  of  this 
sfjuare  sheet  of  jiaper  meiisures  two  feet  :  f<»lded  thus,  it 
tonus  ii  smaller  SijUiU'e,  e;ie||  side  of  w  hieli  is  ;i  loot  in 
lenutli.  (See  1-"\'j:.  II.)  The  eleetrie  lamp  now  stands  at 
ii  distance  ol  sixteen  leet  from  the  screen  ;  .lUtl  at  a 
distance  »»f  eiiilit  leet,  that  is,  exactly  midway  i»etween 
tli<'    screen    jind    the   lamp.     1    hold    this  s(piare  o!'  paper. 

cilicr.  <it\\liirli  .t.  i<  vcrv  Ih'I.  //.  l(--li(il.  T.  sniiicwliat  ('(miKt.  aii'i  />. 

ili('c.M.!c-t.  Ii   i-  kiinwii  that  />.  uhiiuns  a  lari/fr  <iuaiitity  ul' tlic  luat 

railiatid  liv  .1 .  tliaii  citluT  i>{'  \\\r  ciiIht.^;  «  licna:-  it' t  lie  radial  i'li  nl  .1, 

uas  iMjMul  ill  all  i|iri'(ti<iiw.  (.'.  ami  //.  v\miiIi|  n-icivc  i'(|iuil  .-liarcs,   (ll 

iiia\   It  -aid  liiat  I!,  ami  ('.  i'cc('i\c  ciinal  •  liart-  and  nimn  tin'  diili  r- 

ciii'*' to  A.  i>i- 'iiaii-lrr   It   Id  ntlicr  l""lic>.     liiil   tlial    is,  at   |>rcsi'iit.  an 

assinii|iliiiii.)  Wf  aif  al.-u  aware  tliat  tin'   li'.dil  (ami   licat)  iVtiiii  a  ni- 

dialiii.j:    Ihi(|\  ,    such   as  a  candle,  is  allc'cd  In  (Iccreusf  inversely  as 

Ihe  si|Mai'e  i>t'  ihe  distance,  and   thai  this   (•(incinsinn   is  .-uiiposed  tn 

have  heeii  exiicrinieiitally  cstahlished.     Ihil   lias  nut   the  e.\]iennieni 

iieeii  tried  uithnnl  siulicienlly  caretiil  cnnsidci.aiion  as  tn  the  recniin,| 

oimlitiiiiis?   I'm  ihc  liiniiiiniis  (m-  incamlescent)  radiating:  Imdy  in  the 

liieiis  ot'a  ^oimI  concave  paraholic  relleclnr,  sn  that  the  ray.i  will  all  he 

directed    in   |iarallel  linen  in    the  on<'  direction,. ...  will  tiie   li;.dil   or. 

heal  IVoin    the  radiating  IkkIv  he  found  to  decreo.-'e  inverse!)  as  the 

s>|iiare  ul  the  di.stanee.  it  tlif  experiment  he  ho  (•(inducted  ? 

It',  lor  e.\ntnj)le,  V.  Fig.  II,  he  lour  times  lis  tiir  I'rum  the  emitlini: 

hoily  as  yj..  will  the  photometer  or  iherinometer,  il'r(Oiioved  tor.in^li- 

eale  caily  the  ,',  ill  il,(  i|iiaiilii\  of  liu'ht  o    heal  show  ii  hv  ii  w  le  n  al  .1. '.' 

A  in!  suoil . 
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AIM'KNDIX. 


,,  Tln'liinn>  is  iiakod,  uii8iirn)Uii(l»Ml  l)y  its  ciuiK'ni,  aiul  flu; 
rays,  iiniiilliu'iictMl  by  any  Inis  aiv  j-nnttod  in  stniiiilit 
lines  on  all  sides.  Von  see  the  shadow  of  the  square  of 
paper  on  the  screen  ;  let  us  measure  the  boundary  of  that 
shadow,  and  then  unfold  the  sheet  of  paper,  so  as  to  obtain 
the  oriij;inal  larije  sijuare.  Vou  see,  by  the  ereases,  that  it 
is  exactly  four  tinujs  the  area  of  the  sniidler  one.  This 
large  sheet,  ^vhen  placed  aijainst  the  screen,  exactly 
covers  the  space  formerly  occupied  by  the  sJia<low  of  the 
smaller  s(piare." 

(■{:{•'>.)  "On  the  small  s(pinn',  tl  o;efore,  when  it  stood 
midway  between  t\\v.  lam[)  and  the  screen,  a  (piantity  of 
light  fell  which,  when  the  small  s(piare  is  removed,  is 
diffused  over  l()ur  times  the  area  ui)on  the  screen.  IJut, 
if  the  same  (|uautily  of  liiflit  is  ditfused  over  lour  tinu's 
the  area,  it  must  l)e  diluted  to  one-fourth  of  its  original 
intensity.  Hence,  by  doublinu  the  distance  tnun  the 
source  of  light,  we  diminish  the  intiuisity  to  one-fourth. 
I*>y  a  precisely  similar  mod«'  of  ex[»eriment,  ve  could 
liii»\e  that,  by  tieblinir  tlie  distance,  we  diminish  the 
intensity  to  one-ninth;  and  by  i|uadru|ding  tint  distauc(> 
we  reduce  the  intensity  to  one-sixteenth  :  in  short,  we  thus 
demonstrate  the  law  that  the  intiuisity  of  liirht  diminishes 
,is  the  s(|uare  of  the  distance  increases.  This  is  the  cele- 
luated  law  of  inverse  squares,  as  applie«|  to  liuht." 

(:{:)((.)  "  But  it  has  been  staled  that  lie;il  diminishes 
i.ccordiu!.'^  to  I  lie  same  l;i\\.  Observe  the  experiment 
which  1  iiiii  n(»w  fiboiit  lu  jteilorm  beliue  you.  Jb're  is 
a  narrow  tin  vessel,  ,)/.  A',  (l-'iii.  I*J  i,  presentinii  a  side, 
ru.'itcil  with  hiiiip  black,  a  square  yard  in  area.  'I'he 
vessel  is  tilled  with  hot  water,  which  converts  this  lari;e 
>urface  into  a  source  of  radiant  heat.  1  now  place  the 
cnhiral  j'ellecior  on  the  t  henuo-eh'ctric  pile.  /',  but, 
instead  ol  permiliiiui  il  to  remain  a  rclleclor,  I  push  into 
the  cuiic  this  Jininu:  (d  black  paper,  which  lits  exactly, 
and  whii-Ji,  in^ieiid  of  rellectinijr  an\'  heat  that  may  fall 
obliqueI\  on  il.  elli-rlnally  ciit^  oil"  I  he  obliqu  •  radiation.*' 
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APPKNOIX. 


*' Tim  piio  is  now  cotiiiecttMl  with  tlu*  iriilviiiHHin'trr,  ttii<l 
its  refh'ffor  is  closo  to  tlio  nidijitiiig  siirfiiro,  tin*  fiico  of 
the  pilo  itHclC  being  iiboiit  (>  indies  (hstiint  tVoin  tho 
smfaee." 

(:].'{7.)  ''The  needle  of  the  tfiilviinonieter  moves;  it  now 
)>uints  wteadily  to  (U)^',  and  there  it  will  n-niain  as  long 
as  the  temperature  of  the  radiating  surface  remains 
sensiidy  eonstant.  I  will  now  gradually  withdraw  the 
pile  from  the  surface,  and  m  \  you  to  observe  the  ellect 
n}>on  the  galvanometer.  Vou  will  naturally  expect  that, 
as  the  pile  is  withdrawn,  tiie  intensity  of  the  heat  will 
diminish,  and  that  the  detlection  of  the  galvanometer  will 
fall  in  a  corresponding  de<;ree.  The  pile  i.s  now  at  double 
the  distance,  but  tlu^  miedhi  does  not  move  ;  at  treble  the 
distance,  the  needle  is  still  stationary  ;  we  may  huccch- 
?tiv«'ly  quadruple,  (pnntuple — go  to  ten  times  flu*  disiiiMcc. 
but  the  needle  is  rigid  in  its  adherenc(;  to  the  ilellcction 
of  ()()^.  'J'here  is,  to  all  appearan^'e,  no  diminution  at 
all  of  intensity  with  the  increase  of  distanc'c." 

(•■{:{*>.)  "From  this  experiment,  which  might  ii^  first 
sight  app<'ar  fatal  to  the  law  of  inverse  s(piares,  as  ji|)|died 
to  heat,  Melloni,  in  tlu'  most  ingenious  manner,  proved 
the  law.  I  will  liere  follow  his  reasoning.  Imagine  fin- 
hollow  cone  in  front  of  the  pile  prolonged  ;  it  would  <'Ut 
the  radiatini;  surface  in  a  circle,  and  this  circle  is  the  oulv 
portion  of  that  surface  whose  rays  caii  reach  the  pile, 
All  the  other  rays  are  «'Ut  oil"  by  the  nourellectini,'  lininu 
of  the  ciuie.  When  the  pile  is  mov«'d  to  double  IJie 
distance,  the  section  of  the  cone  prolonired  encloses  ,1 
circle  exactiv  lour  times  the  arcii  of  the  Ibrmer  one  ;  iii 
treble  the  distance,  the  radialinu  siirfiee  is  itutfuiented 
nine  time^  ;  at  ten  times  the  ili.stance  ihe  radiating 
surface  is  auirmenled  100  times.  Now.  Hie  cnnsiimey 
of  the  (h'lloction  ju'oves  that  ihe  aniinii-nlat  ion  ot'  the 
Hurface  must  be  exactly  iieulraii/ed  by  I  lie  diniinul  ion 
of  the  int«'nsilv.  ibil  I  lie  radial  inu  >iirraee  auyineiil»  as 
the   s(|Ual'e    of'  the  distance.  Iieiire  the  iiilen<ity    ol'   the" 
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.Al'I'KNKIX. 


*'  liciit  iinist  (liiiiiiiisli  iis  the  s(|iiiii-«>  ot  tin*  distiiiin';  niu) 

thus  the   (>\|M>i'iiiM>iit,  wliich  niiulit  at  lii'st   siulit  ii)»|m>iu' 

(iital  to  tlir  law,  (Iciiioiist rates  that  law  in  the  most  simplo 
aii«l  (uiM'liisivc  iiiaitiu'i." 


i 


The  two  assiiiiiptioiis  iniirht  he  also  rvainiia'd  l»y  an 
«>.\|t«>riiiHMi!  ot' this  kind.  A  hot  «'o|i|M>r  ulohi*,  at  anv  vrrv 
ronsidi'i'ahlc  dt'linil)-  ti>Mi|)(>i'atnn',  hfinu;  susjirndrd  in 
an  apai'tnirnt,  th*'  t hi'rnio-clccti'ii'  jtilc,  lillrti  with  a 
lai'^'c  nindrnsinir  cont*,  is  to  In'  idact'd  at  a  rntain 
distanrt-  i'roni  it  and  tin*  rlll'ct  noird.  A  li<dlow  limd- 
>ldiriiral  covri'  of  diat hri'manoiis  material  (ulass,  jor 
example)  is  to  he  applied  over  the  «'opp<M'  ulolie,  so  as 
to  pai'tiallv  rnelose  the  ulohe  and  to  leave  only  the  one 
side  ot  it  i'xposed.  l)ire«'tlyin  I'loni  (»l  the  nnrovfied 
side,  that  is,  in  the  direction  \ii  uhieli  the  inn'o\ ered  side 
|o(d\s,  and  at  the  same  distance  as  heloie,  the  theiino- 
electi'ic  pi!,  is  to  he  siaii!)ned,  and  the  elleet  ai^ain  noted. 
(See  l'i<;.  |.!,  I'l.  I.)  Now,  assnnnnu  that  the  radiant  heat 
lecei\cd  hy  I  lie  pile  in  the  last  »'ase  will  he  (considerahly) 
lil'eater  than  in  the  tiist.  we  have,  then,  to  consider  w  liether 
nnoecnpied  space  may  not  l>e  lu'iiatively  dialhe:nianons — 
that  is,  lia\e  the  elleet  in  a  neuati\e  sense, only  miicli  ni(»re 
perli'ctly  (^  < ..  (jnite  perlectlyj.  w  hieh  a  eoatinir  of  diat  h- 
ernianons  and  non-radiatinu  material  would  lia\e.  The 
supposition  may  he  (ttherwise  expressed,  \i/..,  that  nn(»c- 
cupied  space  n<'u;ali\ely  refuses  to  recei\e  (Utoeon\ev 
(conduct)  radiant  heal  m'  litMi'  — iia'aninu  thcrehy,  that 
mere  space  has  no  posili\e  cap  '\  ot  itself  to  receive  or 
ciHivev  the  radiant  heat  or  liuh  .  * 


*  I  In- cxiMiiiiiciil,  ii-    |ifci|«<.-('i|    iil«ivf,  I-  r.ir  ilif    |.iii|iiiM' ul'  illti"' 

U'litiiiii  rallK'r  (liuii  its  ii  tt■^l  ;    i>iU  l>,v  f.\|M)Hiii^'  tin-   pile  lur  khhk ii- 

hidcrulilc  (lethiite  tiiiic,  niiiIi    as  iiii    liniir,  in  ciirli  c-asc,  ami    hutiiiir 

tlif  UM'i'a;.')'  aii<l  liiial  I'lliit,  il \|»"i'itii('iit  niivlit  !><'  iiia<lc  Ici  rui'iii"!! 

fiiiiif  f\  iili'iici"  liiwai'ii-  a  -Mliaii'ii  iii'ili<'_i|ii('<iiiiii. 


